
I. INTRODUCTION

The following study was begun during the summer of 1S98 in

the laboratory of the Botanical Institute in Munchen upon the

suggestion and under the direction of Professor K. Goebel. Only

a small beginninfj was made In Munchen on account of a very

brief visit —a few weeks only —to that city. Since then the work

has been carried on in New York City.

In undertaking a comparative study of the embryology of the

Rubiaceae it is expected to gain a knowledge of the life histories of

a number of types sufficient to lead to a clearer understanding of

the relationships between the genera of a very highly specialized

and polymorphous family. It is intended at the same time to ex-

tend the studies into the supposedly allied families, and thus to

contribute, if possible, to the solution of the more general prob-

lems of relationship among the higher dicotyledons.

In addition to the problems of phylogeny there are those which

arise out of the physiological relations existing between the

sporophyte and the gametophyte. Modern morphology has

acquainted us with the main facts in regard to the process of

antithetic alternation of generation in the higher plants, and the

general physiological relations which are the outgrowth of in-

terdependence of sporophyte and gametophyte. Out of this inter-

dependence, however, a large number of phenomena of both a

structural and physicJiogical character have arisen, offering a field

of investicration hitherto neglected, to a great extent, but which

latterly has been attracting not a little attention. The phenomena

of adaptation in this connection are not a whit less interesting if

more difficult to observe. In the present study these adaptive

phenomena, so far as the writer has succeeded in observing them,

wll be set forth. It may, however, very properly be borne in mind

that these phenomena are chiefly those of nutrition, and the small
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2 The Comparative Embryology of the Rubiaceae

size of the materials makes any other than morphological evidence

difficult to obtain. For example, it is argued from appearances

that enzymes or at least zymogens are present in the young endo-

sperm, though that such is actually the case is not proven. Since,

however, such substances have been shown to be present and have

been extracted from, e, g., the young date seedling * and since the

action of the sucking organ of that plant on the hard endosperm

Is duetto the ability to secrete the zymogens 'of a cellulose-dissolv-

ing ferment, we have a w^orking basis for such interpretation.

The position here assumed that morphology must be regarded

from a physiological point of view is the one emphasized in 1879,

by M. Trcub in the introductory part of his " Notes sur Tembryo-

genie de quelques Orchidees/'f where he expressed the hope that

the readers of his paper would agree '* que la manicre dont les

embryons absorbent les substances plastiques mcrite certainement

d'attirer V attention, et sourtout d'etre elucidees lors de recherches

embryogeniques." That this point of view was not new with him,

Treub took pains, in a detailed historical treatment, to Indicate,

though it remained for him to adduce the mass of evidence, em-

bodied in the rich work above referred to, which completely sub-

stantiates the value of his position. To this historical review the

reader is referred for an account of the crrowth of our knowledgej^Awvvtll KJi, VJWi rwii'^s* 4v.v_»t>

of the suspensor. The succeeding part of the " Notes " deals

with the origin, structure and function of the suspensor in eleven

genera, including nineteen species of the Orchidaceae, in which

forms the suspensor is shown to build up for the most part elab-

orate structures of a haustorial character which serve to absorb

nutritive substances to be used by the embryo proper in its devel-

opment. These structures, which attain the highest degree of

specialization in Herniiniinn monoi-clds^ Phalacnopsis grandiflora

and Stanhopca ocidata, here take the form of tubes (''boyaux'')

which penetrate into the surrounding tissues of the ovule.

Two years later L. Guignard]: ('8
1) published an account of his

quite thorough studies on the embry^ology of the Leguminosae, in

*F. C. NewcoHibe. Cellulose Enzymes, Ann. Bot. 13: 49, 1899.

fNat. Verb. d. K. Akad. van Wet. 19 1S79.

:{:
Recherches d' embrj-ologie v6getale compart e : Euibryologie des legumineuses.

Ann. sc. nat. Bot. VI. 12 : 5-166. 18S1.
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many species of which the suspensor attains a morphological

character quite as striking as that in the Orchidaccac, In the

Viciac especially the suspensor produces a great number of nuclei

sometimes not separated by membranes {Orobus). Here, how-

ever, the endosperm is scanty and the complex suspensor appears

to take its place. Guignard suggests that the principal function

of the suspensor may be to contribute to the nutrition of the em-

bryo, but admits at the same time that in certain cases the char-

acter of that organ indicates that it serves only as a means of at-

tachment for the embryo.

It is of interest in passing to note that Schleiden and Vogel*

('38) saw the complex suspensor in Lupimts rivularis, but inter-

preted it as a development of the pollen tube in accordance with

their then maintained view of the origin of the embryo.

The next work with a distinct physiological bearing dealing

especially with the function of the suspensor was by S. H. Koor-

dersf who, in 1892, investigated the embryology of the teak w^ith

especial reference to the behavior of the embryo in the matter of

nutrition. In this plant a most remarkable condition occurs,

which, while entirely analogous to that already found by Treub in

certain orchids, was shown by Koorders to be jnorphologically dif-

ferent. The latter investigator found that the suspensor in its

proximal, multicellular part is provided at the close of the '* Ko-

gelstadium'* with *' zuigblasen " or haustoria, w^hich, however, are

here special endosperm cells which attach themselves to the sus-

pensor and elongate into tubular structures. Basing his inferences

on the distribution of food materials in the ovule and embryo,

which he found to be cuticularized till the cotyledonary phase was

reached, Koorders concluded, also, that the embryo received

nourishment through the agency of the suspensor until the ap-

pearance of the cotyledons, after which these organs, especially,

are concerned in the absorption of foods through their peripheral

membranes.

Touching more especially the role of the suspensor there ap-

pears to be no further work. The adoption of a similar point of

* Beitrage zur Entwickelungsgeschichte der Blutentheile bei Leguminosen. Ver-

handl. der K. L.-C. D. Akad. d. Nat. 19 : 60. 1839.

t De Kiemotwickkeling van Tectona grandis (D>ti). Natuurk. Tijdschr. voor

Ned. Ind. III. la : 139- pl- ^S. 1892.
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view by workers on related matters has been productive of some

important publications which we may now with profit glance at

briefly.

The first paper, important in this connection, was published by

M. Westermaier in 1892, entitled '* Zur Embryologie der Phanero-

gamen insbesondere uber die sogenannten Antipoden."* He em-
r

braced in his observations something like thirty four species of

dicotyledons and monocotyledons, and found in the position and

character of the antipodal cells and in the distribution of food-

stuffs in the ovule, evidence that the view advocated by Vesquet

that the antipodal cells are to be regarded as rudimentary, useless,

and of only morphological w^orth is entirely insufficient to explain

the facts, and that, on the contrary, we have here to do with a

structure which, while in many cases small and apparently insig-

nificant, are really of very considerable importance in the ultimate

nutrition of the embryo. Latterly A. OsterwalderJ ('98) by the

study of Aconitum Napelbts has established and extended Wes-
termaier's view which he himself in a short note§ again expressed

as the result of observations on Ahtroemcria and other plants.

Mottier's ('93) observations on Sejiccio aureus
|| and Chamber-

lain's ('95) on Aster Novae- Angliae\^yX^x\<!i^d. our knowledge of the

antipodals by showing that in these two plants as in some other

Compositae previously studied by others, a greater number of these

cells occur than is usual. This multiplication of antipodal cells

is of physiological significance, a view which is strengthened by
the observations of D. H. Campbell ** (^99) on Sparganium and
Lysichiton, in w^hich these cells are numerous, reaching in the

former the number of 150 at least. The author hhnself suggests

that this great development probably indicates an important physi-

ological role.

* Verhandl. der K. L.-C. D. Akad. d. Nat. 56 : 1-39. 1892. (The literature

previously published regarding the antipodals is found in this paper.)

t
'' Nouvelles recherches sur le d^veloppement du sac embryonnaire des phan^ro-

games angiospcnnes/' Ann. sc. nat. Bot. VI. 8: 294. 1S79.

X Eeitrige ziir Embryologie von Aconitttm Napellus L. Flora 85: 254. 1898.

\ Westermaier, Max. '^ Historische Bemerkungen ^ur L^hre von der Bedeutung der

Antipoden-Zellen." Ber. d. D. B. G, 16: 214-216. N. 189S.
Bot, Gaz. 18 : 245. JI. 1893.

\ Bot. Gaz. 20 ; 205. My. 1895.

*^*Bot. Gaz. 27 : 153, Mr. 1899.
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The work of perhaps the most interest which has recently ap-

peared Is that of Dr. Gabrielle Bahcka-Iwanowska f ('99) who has

studied the behavior of the embiyo-sac in the Scrophulariaceae^ Ges-

neraceae, Pedalinaceae, Plantaginaceae, Campanulaccae, and DIp-

AU these forms possess a more or less thickened single

integument. Micropylar and chalazal haustoria, which are here

for the first time shown to be of endospermic origin, penetrate

more or less deeply into the integument which, under such condi-

tions, is said to be devoid of any vascular tissue. Those plants

which possess the thickest integument have the most highly de-

veloped haustoria, and these in turn have nuclei whose size and

appearance show them to be active In nutrition. Their limiting

membranes, moreover, are quickly ** gelatinized " or become
** mucilaginous." The haustoria, in some cases, reach the funicle

{Torcnid) and even the placenta (^Scoparid), In many species a

special nutritive tissue is found in the chalazal region of the ovule

and the haustorium is for the most part in direct relation with

such tissue. The author does not regard the ** tapetes " as merely

protective to the embryo-sac, as Hegelmaier held, but holds that

they probably secrete a ferment and exercise a digestive function.

The antipodal cells, when present, are regarded as having only a

less important mission, and are at best evanescent.

While Dr. Balicka-Iwanowska's paper was in preparation at

Miinchen, Mile. M. Goldflus* ('99), was engaged in the laboratory

of the University of Geneva, in a similar inv^estigation with espe-

cial reference to the Compositae, Her conclusion as to the phys-

iological value of the ''epithelium,'' the *' tapetes " of Balicka-

Iwanowska, agrees with that of the latter, an opinion favored,

though not fully subscribed to, by Schwere. She furthermore at-

tributes to the antipodal cells considerable importance as agents

in nutrition. These cells attain in some of the species studied a

considerable size {T^aicantJicmiun lacustre^ Chrysanthcmtiin Lcncan-

tlicDUiin^ Hclianthus Maxijniliani') diWd are interpreted as a haus-

torium (su^oir) inasmuch as they penetrate the axial part of the

ovule, and stand in relation with a mass of conductive tissue which

f Contribution a Tetude du sac enibryonnaire chez certain Gaujopetales. Flora,

86 : 47. 1S99.

* Sur la structure et les fonctions de T assise ^pitlicliale et des antipodes chez les

Coniposees. Jour, de Bot. I2: 374. 1898 ; 13 : 9, 47, 87. 1S99.
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in turn is in a similar relation with the vascular bundle. Mile.

Goldflus bases her opinion not alone on the position of the anti-

podals, for she finds in the cyanophily of these cells evidence that

they represent " rintermediaire entre le sac embryonnaire et les

substances digestibles elaborees par I'ovule."

The Rubiaceae in particular have received very little attention.

Schleidcn * appears to have been the earliest observer whose obser-

vations may be regarded as pertinent to the present work. He
described the ovule In the Rubiaceae as anatropous (gemmula an-

atropa) and as consisting of a naked nucellus (nucleus nudus), /. e,,

without any integument (p. 304, /. r.). As Warming f points out,

it is easily understood how the single thick integument \\\\\\ the

very delicate micropylar canal Avould have misled the earlier ob-

servers. These results seem to have remained without modifica-

tion till the appearance of his *' Grundriss/* J in which, however, it

is further stated (p. 163) that in many Rubiaceae the integument

remains at least as a thin skin which clings to the endosperm, from

which it easily falls off in tatters, as in Coffea.

The work of Hofmeister, § as is well known, covered a very

large field, and of necessity the treatment of any given group was

relatively brief. The results of his work on the Rubiaceae are

quite brief and faulty. It would, however, be very unfair to

criticise him, on account of the difficulties presented by the

materials, especially in view of the methods then used, methods
which, by the way, in the hands of a master like Hofmeister

gave surprising results. According to this pioneer in embryol-
ogy the antipodals are absent from Galium, Asperula and
Crucianella, in which the embryo-sac is attenuated and swollen

at the micropyle end. The embr>^o-sac is quickly filled with

endosperm after fertilization has taken place. Within the endo-
sperm, the proembryo develops by forming transverse walls.

The cells of a filamentous structure thus formed produce numer-
ous branches made up of short scries of cells of which the outer-

*Eintge Blicke auf die Eutwickelungsgeschichte des vegetabilischen Organismus
bei den Phaneroganien. Wiegmana's Archiv. 3 : 289, 414. 1837.

t De Uovule. Ann. sc. nat. Bot. VI. 5 : 177. 1S78.
+ (lrundnssder Botanik. Leipzig. \V. Engelmann, 1850.
INeure Beobachtungen iiber Eiubryobiltlung der Phaneroganien. Pringsh.

Jahrb. i : 82. 1858.
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most is rounded and swollen. The cells from the middle of these

branches send out secondary branches here and there, so that the

proembryo as a result of this richness of branching simulates a

bunch of grapes. Out of the lower end of this mass projects the

primary cell row of the proembryo whose terminal cell develops

into the embryo proper. Thus Hofmeister's description of the

suspcnsor in the genera above named, one in the main correct,

but requiring modification, as will hereafter be seen. He passes

over without criticism and accepts as final the opinion which he

attributes to Schleiden that the endosperm breaks through the

integument.

In Houstonia and Spcnnacoce the embryo-sac is of less slender

form and somewhat cylindrical, and here, on the other hand, the

antipodal cells are present. The embryo-sac is here also soon

filled with endosperm, although the proembryo remains a very

simple thread of cells from the last of which the embiyo proper

arises.

It is unfortunate that no figures of these forms are given so

that it is difficult to estimate exactly the value of the author's

descriptions.

The only other plant of the Rubiaceae. which has received any

attention is the coffee {Coffca arabicd), but such work as has been

done does not touch upon the ground of the present paper except

in a remote way. An account of the literature of this subject may

be found in the footnotes of an article by T. F. Hanausck.*

I desire at this point to express my appreciation of the kindness

of Professor Ignatius Urban in putting the collection of growing

Rubiaceae in the Botanical Garden at Berlin at my disposal, and

my gratitude to Professor K. Goebel for his generosity in extend-

ing to me the courtesy of the laboratory and gardens of the

Botanical Institute in Miinchen during six weeks of the summer

of 1898, and in expending much of his own time in discussion and

suggestion when he could ill afford, on account of pressing duties,

to do so.

*Ueber symmetrische und polyembryonische Samen von Coffea arabica T . Ber.

D, B. G. 13: 73. 1895.
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II. DESCRIPTIVE

Vaillantia hispida

Vaillantia is a small genus of the Galicac containing only two

annual species, indigenous to the Mediterranean region. The plants

are monoecious ; the flowers are borne in threes supported by a

single broadened spiny stalk. Of the three the middle is pistillate,

the two lateral staminate. The three-flowered peduncles are in

four vertical rows alternate with the four rows of leaves. The

regularity and perfect radial symmetry of the species studied render

it easy to section a growing tip so as to cut all the ovules of two

opposite rows longitudinally.

The material was obtained at the Botanical Garden at Berlin.

The Origin and Df.velopment of the Nucellus

At the period of the development of the pistillate flower when

the four corolla lobes have met above the hollowed out receptacles

and overarch the stamens, which are as yet merely rounded knobs

at the angles of the sinuses of the corolla, four elevations lying in

the same vertical plane make their appearance near the base of the

ovary. The outer two of these are ridge like, and by their mode

of growth meet later in the transverse plane, fuse, extend upwards

to form the two styles, and downward to form a partition which

divides the originally unilocular ovary into two chambers. The

two others are papilHform and lie on either side of the center of the

floor of the ovary. These are the nucelli. As they develop, the

partition above referred to passes down between them and separates

them. The lower edge of the partition finally fuses with the tissues

between the funicles of the two ovules, making the ovary biloculan

Wemay now turn our attention to the nucellus. For a short

time its growth is directly upwards. (PI. i. Fig. i.) There is a

well marked epidermis, and the cells are quite filled with dense

cytoplasm and large nuclei. More rapid cell division upon the

Inner side, however, soon causes the apex of the nucellus to be

directed toward the floor of the ovary. When the bending of the

ovule is complete, and its definitive condition reached, the micropylar
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end of the ovule lies in a lower horizontal plane than docs the base

of the funicle. The micropyle and embryo-sac lie in a curved line,

and the funicle remains short. The ovule is therefore not of the

strictly anatropous type, but is campylotropous, approaching the

anatropo us condition. (PI. 3. Fig. i.) During the process of in-

version the longitudinal axis comes, of course, to lie in the hori-

zontal plane, and about this time a number of the h;y^podcrmal

cells under the apex of the nucellus elongate in a direction parallel

with the longitudinal axis of the nucellus. (PI. i. Fig. 2.) These

cells, about 12 in number, constitute the archesporial tissue, and

are recognizable at first only by their size. Their subsequent

changes will be described below. The large number of sporog-

enous cells here found to constitute the archesporium recalls the

condition in Ritbits cacsius, Gniin strict urn and Strnguisorba officinalis,

in which, according to A. Fischer* ('80) numerous sporogenous cells

arise. A similarly large number of these cells has also been found

t
This character,

cap

which appears in several widely separated families is probably

therefore not to be regarded as a persistent primitive character in

the Rubiaceae at any rate, but one having a physiological meaning,

as will be shown later. The sporogenous cells now eloUj^ate, and

their elongation is accompanied-by periclinal division In the epider-

mis and subadjacent cells of the tissue about the apical part of the

nucellus. (PL i. Fig. 3.) Only in the columnar epidermal cells

immediately beneath which lie the sporogenous cells there occurs

no division, periclinal or otherwise. These, therefore, remain as a

•f cells, about which arises the integument at first as a low

ridge, but gradually growing over the nucellar cap and forward so

as to form a canal which I shall call the micropylar canal, the

outer end of which forms, in the definitive ovule, the micropyle.

The manner in which the Integument has its origin recalls

vividly the figures by Warming
i|

(^yZ) of the nucellus of Thesium,

one of the Santalaccae. In the body of the paper the author asks

the question "Are these ovules in which the nucellus is not cov-

*Jenaisch. Zeit. f. Xat. 14: 122, iSSo.

f Treub, M., Ann. de Buit. 10 : 145- 1891.

% Treub, M., Ann. sci. nat. Bot. VI. 13 ; 274. 18S2.

\ Coulter, Bot. Gaz. 25 : 73- 189S.

De rovule. Ann. sc. Nat. Bot. VI. 5: 177, 1878.



10 The Comparative Embryology of the Rubiaceae

ered by an integument," and recounts the forms in which, accord-

ing to earlier students, the nucellus is naked. Some reference to

this point has ah-eady been made in the introduction. In endeavor-
ing to contribute to the answer of the question, Warming studied

the development of the nucellus in the type above mentioned, and
found that the epidermal cells at the apex of the nucellus, and
therefore, those which cap the elongated cells which lie in the

axis of the structure, have contents more granular than thei,.c.....xc.. cxxcx.. uw^ re-

maining epidermal cells, and also that the epidermal cells sur-

rounding these capping cells divide tangentially and "
il se de-

yeloppe ainsi une assez forte couche de cellules de provenance
epidermique qu'on doit considcrer comme un tegument." His
description with the exception of the reference to the more gran-
ular contents of the middle epidermal cells is exact enough to
apply to the Galieae, and one cannot resist the conclusion that his

interpretation of this collar of tissue as a rudimentary integument
is correct. Guignard, * seven years later, published a fuller ac-
count of the behavior of the nucellus and embr>^o-sac of Thcsiian
in which, however, he entirely overlooked Warming's woTk and
suggestion. Guignard here makes no reference to the tangential
divisions seen by Warming, nor does he show any such in his
figures. Indeed he takes the position (p. 189, 1. c.) that there is

no integument at all in Thesium, though it must be said that in
making the statement he is referring to the seed, rather than to
the young ovule.

The bottom of the micropylar canal is formed of the {Q^^r epi-
dermal cells capping the archespori urn (PI. i,Fios 5 6 8) The
walls also are formed by an epidermis continuous with and'havin
^^i^^;^gmm_Uie_^^ of themoile. The endodermis

* Observations sur les Santala^i;i~7;;r"sc. nat. B^T^. xo: l8l. 18S5.

inte.„,7'! v'l
''^,.^"™°l°g»^ J'^ the Compositae in the inner cell-layer of the

dialdv r 7
'•

r
°-

•

'"' '' ' '°- ''' ^^^9). comes to surround imme-
^atel the embryo-sac after Us absorption of the nucellus is complete. For this layerH^e ma,er proposed the term e.,o,.r.ns, the types under observaUon and figured beingI^^>^Aus an>^u,^ Bulens leucantka and Zinnia tenuijlora. Schwere (Zur Ent

officiualis Web. Ein Beitrag zur

t

EmbryoIogiederCompositen. Flora 82 • ^2 iSq6 f T-
^"^ :^^'""S -^

^fr.;„ ,/;,,„„ 1 ,t, ,

' ^ ^o), however, working on Taraxacum

Noels'' a. T '::' ^'"'''"""" '^^ ^-- Schicht thatsiichlich zum
^ucellus, a conclus.on wh,ch ,s out of harmony with the prevailing view. For this
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thus formed does not, however^ have the specialized character

which has been found to be so common in the Gamopctalac. It is

not cutinized, and, as will be seen, breaks down very readily under

the action oi the developing embryo-sac.

Meanwhile the archesporial cells are undergoing considerable

changes which will now be described.

At the time of rapid elongation of the nucellus, the arche-

sporial cells, too, increase in length. This is accompanied by a

good deal of change in the appearance of their cytoplasm and

nuclei. The cytoplasm which at first and for some time is granu-

lar, becomes more and more fibrous in appearance. The fibers run

approximately lengthwise. The granular character is still visible,

but the stringiness becomes more marked as the cells themselves

elongate (PL i, Figs. 3-8). When they reach their maximum
length they are spindle-shaped and appear to run under and above

each other in a most perplexing fashion. Their separating mem-
branes become less and less distinct, until they cannot be made

out, and I believe them to be almost, if not entirely, absorbed.

The nuclei, too, rapidly increase in size, while the chromatin,

granular at first, runs through various changes, unnecessary to

describe here, which are preparatory to nntosis.

It should be pointed out here that the nucellar tissue next to

the archesporial tissue on its inner side is made up of cells which

lengthen much more than those of the rest of the nucellus (PI i,

F^g- S)- The innermost of these are, indeed, as a usual thing, as

long as the archesporial cells and appear to partake to a great

degree of their characters. That the nucellar cells next to the

archesporial cells may approach the latter in character has been

noted by Coulter (I.e.) in Ranu)2cnhi.s. They may without doubt

be regarded as underdeveloped sporogenous cells, which in this

case disintegrate, while their substance probably contributes to

the growth of the archesporium.

When the archesporial cells as above mentioned have reached

layer he proposed the term endothelium^ a term which is evidently inappropriate.

Schwere^s figures as to this detail are very unsatisfactory and unconvincing, while it is

quite evident from Hegelmaier's drawings that the layer to which he gave the name

endodcrmis is in reality what he thought it to be. This layer is, moreover, an inner

layer, so that epithelium^ the term adopted by Mile. Goldl^us, seems to me a less appro-

priate term, because more general.
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their greatest elongation, mitosis takes place. I shall take the

opportunity of describing the cytological details in a separate

paper. For the present purpose it is enough to say that so far as

my own observation goes four megaspo res result from the division

of each primitive cell. The appearance of the mass of cells which
results from the division of the archesporial cells is very similar to

that presented by similar cells arising in the same manner in Hcli-

described * accord-
ing to whom two or three " mother cells " are in this form cut off,

which divide each into four or sometimes six daughter cells (meg-
aspores) one only of all these resultant cells becoming the mother
cell of the embryo-sac, the rest suffering disorganization.

Several or all of the archesporial cells may divide; thus may
many megaspores arise,among which there is a considerable discrep-
ency in size (PI. i , Fig. 9). Of one quartette arising from one mother
cell, the lowest cell may be the largest ; in another, one of the
middle ones

;
then again the uppermost may be the largest. I

have not been able to determine whether there is any constancy in

the selection of a megaspore to be the mother cell of the embryo-
sac. The appearance of such material as I have examined seems
to favor the opinion that any one of them, but more especially
one of the end cells of the quartette, may be chosen.

As a rule only 07ic of all the megaspores actually germinates.
Exceptionally in other genera to be hereafter described. I have
found two embryo-sacs completely formed and lying parallel ; one
of these usually lies, farther forward than the other, and this one is

functional.

4

The Development of the Embryo-sac

At the completion of megaspore formation, the chosen mega-
spore commences a migration along the micropvlar canal formed
as above described by the forward growth of the inte-ument This

ratory movement of the functional megaspore appears to be
unique, for I have not been able thus far to find any reference in the
literature which shows that such migration has hitherto been ob-
served. The cap of epidermal cells which overlies the archesporium
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seems to be a barrier to any such migration, for the migrating mega-

spore, so far as I have been able to determine, pushes its way to

one side, as shown in PL 2, Fig. i. It is reasonable to conclude

that these capping cells are in a short time destroyed, for in later

stages they are not usually seen. I have seen these cells once in

one species of Galiinn, when the embryo-sac was mature.

The nucleus" of the migrating megaspore, after passing this

barrier, comes to lie in the micropylar canal about midway its

length, while the accompanying cytoplasm lies in a thin layer on

the walls of the canal, and so forms a large vaciuole at each

end of the nucleus. The whole megaspore is, roughly speaking,

hour-glass-shaped (PI. 2, Fig. i), and its nucleus lies at the con-

striction. The enlarging megaspore encroaches laterally on the

integument, which now for the first time is broken down. The

endodermis gives way first, and is recognized a little later only by

collapsed walls and the nuclei, which are the last elements of the

cells to disintegrate. The persistence of nuclear substance under

the action of digestive ferments suggests that the tissue which be-

haves thus is undergoing digestion. This is the view taken by

Mile. Goldflus (/. c) in describing the behavior of the integu-

mcntal tissue about the base of the embryo-sac in the Compositac

the internal part of which is dissolved by " ferments secretes prob-

ablement par les cellules epithcliales."

At the constriction in the hour-glass-shaped megaspore the

first division of the megaspore nucleus takes place, after which one

of the daughter nuclei passes forward to the micropylar end of the

cavity. When it reaches this point the second division takes

place in both nuclei (PI. 2, Fig. 2). There are now four. The

egg apparatus arises in the usual fashion at the micropylar end

(PL 2, Fig. 3, 4). In the antipodal region a more unusual state

of affairs occurs.

The Antipodal Apparatus

The division of the antipodal nuclei, now two in number, re-

sults in four, one of which is, in the usual manner, concerned in

the formation of the endosperm nucleus. This passes forward to

coalesce with the corresponding nucleus from the egg region. Of

the three which remain, one enlarges considerably and migrates
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backwards towards the chalazal region. Its proper cytoplasm be-

comes cut off by a transverse wall from the upper part of the em-

bryo-sac (Pi. 2, Fig. 4). The other two antipodal cells surround

themselves by walls, and take ultimately a lateral position. They

are small and unequal in size and are usually more or less col-

lapsed and apparently of little or no further value ; and they over-

stain in the manner of disintegrating cells. Not so, however, with

the odd, basal antipodal, for in these forms (/. e., Vaillantia, Ga-

lium^ etc.), it appears to have a distinct and important physio-

logical role.

It has been supposed, since the publication of Ilofmeister's

classical researches on the embryology of the Phanerogams (/. <r.),

that antipodals were absent in those forms of the Rubiaceae studied

by him, excepting Houstonia and S^ermacoce, I have confirmed

Hofmeister's view as to Houstonia, but in addition I am prepared

to show that antipodal cells are present in all Rubiaceae up to this

time studied by me. The smallness of the structures in these

plants, and especially the attenuated character of the basal anti-

podal, together with the similarit>' of the other two to the adjoin-

ing disintegrating integumental cells will readily account for the

oversight.

The basal antipodal cell is composed at first of cytoplasm which

IS tenuous, scanty and difficult to see. The nucleus comes to rest
L

on one side of the cavity some distance removed from the trans-

verse wall.

Gradually the cytoplasm becomes more pronounced, stains more
deeply and fills the elongating chalazal end. The apex becomes
somewhat expanded into a knob which, as the cell lengthens, is

plunged into the mass of megaspores. These are still evident, but

are now on the way to disintegration as is attested by the fact that

they lose all structure and become black and opaque with haema-
toxylin, often making it very difficult to recognize the apical,

knobbed part of the long antipodal. ' At the time when the basal

antipodal is first cut off, there is a large mass of proteinaceous
food in the place of the once archcsporium, which as just stated,

stains very deeply. As the embryo-sac as a whole reaches ma-
turity, before the flower opens, the cytoplasm about the endosperm
nucleus becomes abundant and dense, and the archesporial food-
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mass is coordinately reduced, while the basal antipodal shows its

maximum development during this period. The probe-like end,

which, I believe, serves as a haustorium, at this time and some-

what later is filled with cytoplasm which appears finely reticulate,

while the broad end which is adjacent to the upper part of the em-

bryo-sac is occupied by a large vacuole. This large antipodal

must, therefore, stand in an important relation between the food

supply derived from the archesporium and the endosperm cell,

and is probably active in the transportation of the food from the

former to the latter. The megaspore mass thus forms a sort of

nutritive tissue, partly analogous to that described by Dr. Balicka-

Iwanowska (/. c.) as occurring in the region of the integument

near the lower ends of the embryo-sac in the forms studied by

her.

The archesporial tissue is now seen to bear a nutritive rela-

tion to the embryo -sac, which by this time has reached maturity.

The Definitive Embryo-sac

We may now* pause to sum up the characters of the mature

embryo-sac.

In shape it is fusiform and much attenuated at the lower end.

The upper part, comprising one third or more of the entire length,

contains the egg apparatus and the endosperm nucleus, and consti-

tutes the expanded part of the embryo-sac. The fusion of the

polar nuclei takes place at about the middle of this part of the

embryo-sac, but at the time of fertilization the resultant nucleus

comes to lie immediately against and partly surrounding the

nucleus. The migration of the endosperm nucleus has been no-

ecTcr

ticed by Mme. Balicka-Iwanowska (1. c.) in Digitalis and other

related forms in which the embryo-sac is more or less attenuate.

At the time it reaches the ^gg, the nucleolus has nearly three

times its original diameter. Its size relative to that of the egg

nucleus is shown in PI. 2, Fig. 8a. The nucleus itself is larger

than the egg nucleus, but the discrepancy in size is more striking

between the nucleoli. This movement and growth of the endo-

sperm nucleus must be interpreted physiologically ;
it is m all

probability in some way connected with the nutrition of the zg'g.

The antipodals are three in number ; two of these are small
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and relatively Inconspicuous; the third and basal, is very long,

being on the average about two thirds the length of the whole em-

bryo-sac, though It may, in exceptional cases which I have noted,

attain a considerably greater length. At its expanded upper end it

Is separated from the upper region of the embryo-sac by a very thin

transverse wall. Its lower end is somewhat knobbed, and is em-

bedded in a mass of degenerating megaspores. The position of

the nucleus of this antipodal Is always lateral and about one fourth

to one half the cell's length from the upper end (PL 2, Figs. 7-1 1)-

It is large and prominent, and evidently active. Its function has

already been discussed. The fate of the antipodals will be discussed

I.

1

somewhat later.

Development of the Embryo

After the egg is fertihzed, its vacuole enlarges considerably,

pushing the cytoplasmic end rather more deeply into the endo-

sperm stuff. Immediately the endosperm nucleus commences to

divide so that before the first division of the fertilized egg takes

place 20 to 30 endosperm nuclei are present (PL 2, Fig, lo). The

proembryo now grows rapidly by the successive occurrence of

approximately transverse divisions. When about five cells have

been formed, the proembryo becomes bent to one side and the

other. This is due to the lateral enlargement of certain of the sus-

pensor cells, as a result of which they bulge out into the endo-

sperm which is now of some bulk. In these enlarging suspensor

cells, the cytoplasm becomes vacuolated to a considerable degree.

These facts and later developments indicate that these cells are

concerned in the absorption of foods in solution from the endo-

sperm, which, however, is not broken down by the enlarging sus-

pensor cells. The cells of the end of the embryo away from the

micropyle are always smaller during the earlier dev^elopment of

the proembryo, while they get successively larger toward the

micropylar end w^here the basal cell tapers off acutely, giving the

young proembryo something of a spindle shape (PL 4, Figs. I, 2).

When the proembryo attains the number of about six cells,

longitudinal divisions occur in some of the suspensor cells. The

divisions sometimes occur in two planes, and the resulting elements

continue to grow and bulge out further into the endosperm and
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form haustorial appendages. In some cases when two longitu-

dinal divisions have taken place in a single suspensor cell, a pair

of the resulting quadrants grow out together, forming double

haustoria (PI. 4, Fig. 5)- Again the haustorial cells may divide

transversely ; this occurs only in the region near the embryo proper.

These haustoria, for such I regard them, are at first pro-

nouncedly vacuolated, but as the embryo ages the vacuolation

disappears, and they become densely filled with cytoplasm. After

the embryo proper begins its development, the basal suspensor

cell elongates considerably, increasing its length by a half and be-

comes less vacuolated. Its micropylar end becomes crushed by

the growing endosperm, which now begins to grow into the

micropylar part of the thickening integument, leaving the embrj^o

in a more central position (PI. 4, Figs- 9, lo)- Later, the basal

cell and even one or two of its neighboring suspensor cells become

disorganized, but the time at which this occurs is not constant for

while I was not able to find these cells in the preparations from

which Figs. 5 and 6, PI. 4, were drawn, I did find them manother

specimen of such an age as the one shown in PI. 4, Fig. 7-

After the embryo proper has differentiated itself from the sus-

pensor, the latter may be seen to be divided clearly into two

regions which differ very markedly in structure. These tuo

regions may be termed the micropylar and embryonal, llie

latter is made up of half a dozen disc-shaped cells which are very

much flattened longitudinally, and show no outgrowths and are

not vacuolated, and they remain so during the entire embryonic

history. The cells of the micropylar region, on the other hand,

become larger and thus increase their absorbing surface. When

they reach their maximum development the suspensor when dis-

sected out resembles a " bunch of grapes." These outgrow hs,

to which we have ascribed a haustorial function, are not unlike

the suspensorial haustoria (Keimtragerblasen, boyaux) described by

Treub in the ^/r///V/^..^. and by Hofmeister* ('49) and Guignard

Sutherlandta, and are analogous to the " zuigbhsen oc-

^ h7the teak {Te^ctona grandis) described by Koorders
(

92).

The upper part of the micropylar region, as shown above, becomes

less importantan^^

Die Entstehung des Embrj-o^d^TrW^^^g^n. Leipzig, lS49-

(J-

currinu
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with Its suspensorial haustoria, to which it is attached by the short

row of disc-shaped cells, comes to lie entirely within the now large

mass of endosperm (PL 4, Figs. 9, 10). The structures above

described are probably to be regarded as an adaptation for the

ready absorption of food for the rapid growth of the embryo.

The shortness of the cells of the embryonal region of the sus-

pensor favors the passage of food to the embryo. Whether or not

the embryo is capable of absorbing food through its own surface is

a question which I am unable to answer at this time. Koorders

('92), working on Tectona^ found that the embryo till the com-

pletion of the *' Kogelstadium " possessed cuticularized walls, thus

preventing the absorption of food. If this be true of Vaillantia

and its close relatives, we have a complete explanation of the sig-

nificance of the haustoria. But even if the embryo is not cuticular-

ized, it is not improbable that the amount of absorbing surface on

the embr}^o proper alone is insufficient for its rapid development,

and it may be that in this lies the explanation of many features in

other forms not yet cleared up. For example, I have found that

the basal cell in Capsella, figured years ago by Hanstein, and

copied in almost every text-book, actually pushes its way into the

adjacent tissue of the inner integument in the same manner that

the embryo-sac itself, by its growth, in many cases encroaches

upon the surrounding tissue. This fact indicates that the sus-

pcnsor, in forms in which it reaches so pronounced a development,

as in the Cmciferae, Tropacolnm and others, is of importance in

absorbing nourishment, an opinion which we must credit to Meyen
* I believe this action of the suspensor in the surrounding

tissue to be correlated with the rapid growth of the embryo in

Qtpsclla, Before drawing any conclusions of this kind, how^ever,

it will be necessary to obtain many more data.

There can be litUe doubt that the rapid development of seeds

is an important adaptive feature, and the study of structures which
are correlated with this ability will be a fertile field for further

study. Such haustorial structures as those found in the Orchida-

ccae may be correlated with the meagre intecfument which means^.^ "*"^fc,

a meagre store of food immediately at hand.

The further development of the embryo, w^hich brings the

* Neues system der PHanzen Physiologic 3 : 331. 1S39.
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cotyledons into view, is accompanied by the dissolution of a zone

of endosperm surrounding the embryo. The cells become mu-

cilaginous, and the embryo is bathed in nutrient substance. The

relative increase of absorbing surface by the development of

the cotyledons is accompanied by the gradual loss of the haus-

toria of the suspensor, of which there may be found, at the time

of the ripening of the fruit, only a few of the disc-shaped cells.

The last of these plays a small part in the formation of the radicle.

The Integument

The earlier development of the integument has already been

described. Some time before complete maturity of the embryo-

sac is reached the cells which form a zone {d, Fig. I, PI. 3)

about the attachment of the funicle to the ovule become large and

rounded (PI 3, Fig. i, d) and their contents become strongly vac-

uolated. These cells contain a good deal of starch at quite an

early condition of the ovule, and when the accumulation of starch

in the integument commences, the process has its beginning here.

At the end of the vascular bundle when it reaches this zone of
V

enlarged cells, is found a mass of cells which gives the bundle a

club-shaped appearance in longitudinal section. These cells,

like those of the leptome of the bundle, are rich in contents, and

form a center for the distribution of food, which is received by the

large-celled zone above referred to, the function of which appears

to be the preparation of food and the regulation and distribution

of the supply to the mcristematic zone. The latter is made up of

smaller cells (Figs, lb, ir, PI. 3), in which, after fertilization

multiplication begins. Their dividing walls are periclinal, and

there results a rapid thickening of the integument, wi<-h a corre-

sponding increase of the ovary wall, accompanied by secondary

changes leading to the formation of a schizocarp. Within
^

the

mcristematic zone the integumental tissue shows signs of dism-
1

•

tegration, and this process appears to be as rapid and complete m

the tissue surrounding the basal antipodal as in that about the

endosperm region. Wemay notice in this connection that the

mass of disintegrated megaspores has after fertilization and before

the first division of the proembryo almost disappeared (PI. 2,

Fig. 9 ; PI. 3, Fig. 3) and the antipodal cells are difficult to
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In some genera they persist for some time, and vestiges may

be seen after a large mass of endosperm has been formed. After

the megaspore mass is absorbed, the basal antipodal appears to

have no further function.
9

When the embryo starts to develop a small amount of starch is

found in the integument, principally in those cells above referred

to which form a zone between the funicle and the meristem of the

integument. A very few granules are also to be found in the cells

immediately about the embryo-sac. As the seed approaches ma-

turity the starch accumulates first in the peripheral cells until all

those cells of the integument which remain are replete.

The Growth of the Endosperm

During the first division of the endosperm nucleus the endo-

sperm enlarges, becoming rounded, and encroaches upon the ad-

jacent tissue of the integument, the cells of which become flattened

and give way. At first, separating walls between the cells are not

formed. The nuclei are not parietal, nor do they ever become
so. The endosperm mass is always solid. A little later the

parietal cells become much more densely filled with cytoplasm
and stain more deeply (PI. 3, Figs. 2d, 2c). This is especially true

of those cells on the side of the endosperm mass facing the longi-

tudinal axis of the ovary, which are the earliest to become dense.
It is on this side that the thickness of the integument is the greatest
and where the food is most abundant. After the endosperm ap-
proaches its limit of growth, these are the last of the peripheral
cells to lose their dense character. The inner cells of the endo-
sperm are strongly vacuolated, the vacuolation becoming more
pronounced towards the center, where the cells ultimately break-
down and leave a cavity within which lies the now rapidly matur-
ing embryo. The peripheral cells are digestive, I believe, and ab-
sorptive, for the integuments break down in advance of the growth
of the endosperm, and the cell walls of the disorganized cells be-
come thickened. These thickened walls stain readily and deeply
with saframn, while the walls of the normal cells show much less
affinity for that stain.

As the endosperm ages it becomes concave on its inner
face, and dipping into the concavity is a mass of integument which

t
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remains undigested at the maturing of the fruit. (In PI. 3, Fig. 2.)

This mass is continuous with a thin layer of integument two cells

In thickness, which surrounds the endosperm. The latter does not,

contraiy to the opinion of Hofmeister, break through the integu-

ment, so that the envelopes of the mature fruit consist 6( the wall

of the ovary lined by an integument (PL 3, Figs. 2, 2a) two cells

thick and loaded with starch. The endosperm cells up to a time

when the embryo is large and approaching maturity, have thin

walls. Starch accumulates more and more till the cells are gorged.

Just before the complete maturity, however, the walls thicken so

that in the mature seeds the principal foods stored in the endo-

sperm are reserve cellulose* and starch.

The central part of the endosperm is, up to the completion of

the sphere stage of the embryo, continuous, so that the embryo

lies in direct contact with the endosperm cells. When, however,

the cotyledons begin to appear, the endosperm immediately sur-

rounding the embryo breaks down, so that the embryo comes to

lie freely in a cavity which is filled with fluid materials. The be-

havior of the endosperm in this regard, as also the integument dur-

ing the advance of the endosperm upon it, indicates the presence of

digestive agent secreted by the embryo on one hand and by the

endosperm on the other.

The term 'reserve cellulose' is used here provisionally. Th
of the substance in the Galieae is, I believe, not yet determined.

%
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Hxplanatlon of Plate i

Fig. I. The fundament of the nucellus, X ^7°-

Fig. 2. The archesporial cells, of which only two are seen in the section, have be-

gun to be differentiated. They apparently underlie only one epidermal capping cell.

Fig. 3. The archesporium more strongly developed. The periclinal divisions

about the capping epidermal cells mark the beginning of the growth of the integu-

ment.

Fig. 4. Transverse section through archesporium ; it is composed in this instance of

twelve cells, X 670. . . , „
Fig. 5. Integument is well marked; maximal elongation of archesponal cells;

disintegration of some of the inner cells has begun, X ^7°-

Fig. 6. Somewhat older condition of the ovule in which the archesporial cells are

preparing for division ; micropylar canal is begun, X 472-

Fig. 7. First division of the archesporial cells. The arrow is directed toward the

position of the micropyle, X 670. ,

Fig. 8. A still more advanced condition of the ovule in which the micropylar canal

is deep. The second division is taking place in some of the archesporial cell., X jl5-

Fig. 9. Definitive megaspore. On the right one sees imperfectly formed and tie-

generating megaspores, X 670.

(23)



^Explanation of Plate 2

Fig. I. The embr}-o-sac mother cell has migrated down the micropylar canal, hav-

ing passed to one side of the nucellar cells which cap the archesporium. The remain-

ing megaspores are beginning to disintegrate, X 670.
Fig. 2. Embryo-sac with fom- nuclei, X 670.

Fig. 3. Embrj'o-sac with eight nuclei. One of the antipodals is cut off from the

remaining seven nuclei by a transverse wall, X ^jo.

Fig. 4, Egg apparatus and antipodals definite. Approach of polar nuclei, X 472.

Fig. 5. Fusion of polar nuclei completed. The position of endosperm nucleus is

near the middle of the sac, X 472.

Figs. 6 and 7. Approach of endosperm nucleus toward the egg, and their con-

comitant increase in size, X 472.

Fig. 8. Mature embryo-sac. The endosperm nucleus is now applied to the egg,

X 670.

Fig. 8a. Egg and endosperm nuclei of the same, X l3So.
Fig. 9. After fertilization; embryo is still one- celled ; several endosperm nuclei

are now present
;

dae disintegrated megaspores are now nearly absorbed ; the endo-
sperm begins to encroach on the integument, X 315-

Fig. 10. Embryo two- celled. The endosperm, in which walls begin to appear,
encroaches further upon the integument, X 315-

Fig. II. Three antipodal cells, X 670.

(24)
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F:sE:planation of Plate 3

Fig. I. Ovule just after fertilization showing areas made up of cells of dilTerent

character, {a) Zone of cells dividing mostly by periclinal Avails (see Fig. la). {/?, c)

Zone of rapidly multiplying cells (see Fig. i^, i^r) forming a meristem completely sur-

rounding the internal mass including the embr}^o-sac. {</) "Slass of cells lying be-
tween the funicle and the meristem, made up of large cells (see Fig. jd) containing

^vacuolated cytoplasm and starch grains, X 75-

Figs. la, b, € and d, X 670.

Fig. 2. Longitudinal section through mature fruit, in. integument, en. endosperm,
em, embryo. The pericarp is seen as a thin layer without the integument.

Fig. 2a. Envelopes of mature fruit in detail. /. pericarp, in. integument, en,

endosperm. The cells of the integument are still supplied with much starch, X 220.

Fig. zb. Cells from periphery of endosperm on convex or dorsal aspect, X472.
Fig. 2r. Cells from periphery of endosperm on concave or ventral aspect, X 472-

^^g- 3- After fertilization. The basal antipodal has its haustorial end embedded in

a mass of refractive substance which results from the disintegrated megaspores. Em-
bryo still one-celled, X ^70-

^^^' 4- ^ oung embryo lying in the endosperm. The latter by its growth pushes
past the long antipodal into the intcgumental tissue as toward it, Fig. i, X 472.

(25)
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Fig.

Explauatlon of Plate 4

I

2

3
4

S
6

7

8

9
10

Proembryo of 5 cells, X 670

X472

X315
Successively older stages of the embryo

X 75

X 50\ Embr\-o, drawn on larger scale in Fig, 7, lying in the endospemi

X75I (4 ii ii it a
3,

ii ii

A comparison of these last two figures shows the position taken by the proembryo

as a result of the growth of the endosperm at the micropylar region.

(26)
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FURTHERDESCRIPTION OF GENERA

Callipeltis cucuUaria

The genus Callipeltis embraces three species indigenous to the

Mediterranean region. In general habit they resemble closely the

plants of the genus Galium^ from which, however, they differ in

their smaller size. Callipeltis cuctdlaria^ the species studied, Avas

collected in growing condition in the Botanical Garden at Berlin.

The Nucelli

The nucelli, two in number, arise as in Vaillantia^ on either side

the center of the floor of the ovary. Nor is their course of de-

velopment different from that already described for that genus,

excepting in matters of only minor moment, and these are to be

found in the total number of cells in the nucellus, the greater rela-

tive amount of archesporial tissue, and in the shape of the

definitive ovule.

The archesporium, the cells of which are more numerous than

in Vj^illantia, is evident when the nucellus is quite small (//. 5,/^.

The epidermal capping cells remain without any further

growth, while immediately around the area occupied by them, the

integument grows out, as is made evident by the numerous peri-

clinal divisions to be seen at this stage {pLs^fiS^- ^ and j).

By subsequent growth, the integument is developed so as to

shut in a long micropylar canal (//. 5,fig^ 4). As the ovule

attains its definitive form, the absence of the large special cells

seen in the ovule of Vaillantia is noticed, and the sporogenous

cells of the archesporium divide. The division into four meg-

aspores is by no means complete for each cell Some of

them, the more centrally placed, divide more rapidly and com-

pletely, while the more peripheral lag behind and sometimes fail of

division, or perhaps divide but once, and so a heterogeneous

mass results, out of which the megaspore which develops into

the embryo-sac makes its way into the micropylar canal. In such

Memoirs Torrey Botanical Club, Volume VIll.
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28 Comparative Embryology of the Rubiaceae

a mixture of cells it is not easy to distinguish this cell, especially

as it often happens that several pass through the initial stages of

migration, and the result is very confusing. I have, however, with

reasonable certainty, been able to pick out the most active cell, as

in Jigs. ^ and ^, The embryo-sac cell, so far as determined, may

arise out of any of the mcgaspores, so that we may regard these

for the greater part as physiologically equivalent. The appear-

ances presented by the archesporium at this time match closely

those seen in AlcJicniilla as described by Murbeck.* Tapetal

cells are not formed.

No starch is seen in the integument until the migration of the

megaspore, when a slight accumulation occurs, evenly distributed

throughout the whole. During the maturing of the embryo-sac,

the amount of starch increases in a zone surrounding it. As the

endosperm starts to grow, zonal accumulation disappears and a

general distribution is again seen which becomes gradually more

pronounced in the peripheral parts.

The Development of the Embryo-sac
L

One of the megaspores which have developed as described

above commences to enlarge and to migrate along the micropylar

canal. This takes place when the ovule is well developed and has

taken on its mature form. PI* S^fig^ /, shows these conditions

just previous to the migration of the megaspores. It not infre-

quently happens in this species that two or even three megaspores

commence to migrate at the same time and take paths which are

nearly parallel. In such cases a good deal of confusion arises,

which makes it difficult to interpret properly the preparations

showing this condition. The remaining megaspores retain their

character for some time, some degenerating more rapidly, than

others, and the resulting mass adds not a little to the difficulty of

making out clearly what one sees. Occasionally two of the mi-

grating megaspores germinate, although in no cases which I have

observed has development passed beyond the four-celled stage

(/^- 5^ fig' 8) in any but the more advanced and normal one,

which is set apart as the fundament of the functional embryo-sac.

* Murbeck, Sv. Parthenogcuetische Embryobildung in der Gattung Alchemilla.

Acta Reg. Soc. Physiogr. Luud, ii : 1-47. 1901.
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More than one embryo-sac may sometimes reach perfect devel-

opment, thus supplying the conditions for folse polyembryony.
This, however, has not been observed.

w

The movement of the megaspore down the micropylar canal is

accompanied by histolysis of the endodermis, the cells of which

degenerate and collapse. The contents of the cells are disorgan-

ized and become deeply staining. It is to be noted that the nu-

cleus is preceded in its course by a part of the cytoplasm; while

the nucleus itself travels unusually near, or along the side of the

cavity formed and some little distance back from its apex (//. 5,

J^£: 6), The amount of cytoplasm is now not great, nor does it

increase markedly in amount until the complement of embryo-sac

nuclei is reached. The cells of the egg apparatus, as soon as they

are cut off, become rapidly different in character from the rest in

attaining greater density. Their final character is reached at

about the time of fusion of the polar nuclei or somewhat later.

The synergids then are vacuolated at their free ends, while the

egg-cell has a vacuole at its narrow basal end. The fusion of the

polar nuclei occurs near the middle of the endosperm cavity (/>/.

SyfiS' ^) ^^"^d is followed by a movement of the resultant nucleus

toward the ep;e:-cell with which it lies in contact till its first di-

vision. Meanwhile the cytoplasm loses its vacuolated character

and becomes more dense and gorged with food material, consist-

ing, in large part, of starch. The whole endosperm-cell becomes

more rounded also.

The Antipodal Cells

Wh
podal nuclei hav^e arranged themselves in their definitive positions,

two of them close together, each with its proper mass of cytoplasm

which is thin and vacuolated, and the third some distance away in

the narrowing end of the somewhat irregular cavity formed by the

megaspore in its migration (//. 5,/^. p). The cytoplasm of this

latter antipodal cell is at first extremely scanty, so much so that it

cannot be detected with a high power except near the nucleus. The

two small antipodals secrete cell walls and remain in a normal

condition for some time during the development of the embryo.

Their cytoplasm becomes more dense from the time they are first
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cut off, and numerous starch grains may then be seen. The long

antipodal which occupies about three-fourths of the length of the

entire embryo-sac takes on a definite club shape at its free ex-

tremity which reaches quite to the end of the megaspore cavity,

and is finely granular, though not so densely filled with protoplasm

as are the others. A large vacuole appears constantly at the thick

end which abuts against the small antipodals. The vacuole ex-

^ tends as far as the nucleus. The interior of the narrow* upper

part is also occupieTi by a vacuole, though this is less evident in

sections on account of the slender character of this region of the

cell. A normal appearance is presented by this cell as by the

other two until the proembryo has reached an eight- or ten-celled

stage or even older (//. 6, fig. 5), and an application of the iodine

test demonstrates that at such a time the small antipodals are

gorged with starch while the other shows a similar starch content

at its thick end. The haustorial end stains deep yellow and is

free from starch. No trace of the deeply staining products of dis-

integrated megaspores may be seen after the second or third divi-

sion of the endosperm nuclei, though this is, of course, a somewhat

variable matter. Disintegration of the antipodals sets in with the

rapid extension of the endosperm, and they are finally lost to view.

Endosperm and Integument

Soon after fertilization the endosperm nucleus divides. This

division is followed by several , others, probably five or six, before

any walls are laid down. Its starch content is drawn upon during

these divisions, so that at the time the cell walls are laid down,

only a very little may be found or none at all. The proembryo

remains unicellular till about the third or fourth division of the

endosperm nuclei occurs. The growth of the endosperm is ac-

companied by destruction of the integument. The peripheral endo-

sperm cells become less vacuolated, the greatest density of con-

tents being found in those cells of the endosperm which lie towards

the raphe, /. e., the periphei-al cells are most active where the

largest amount of food is available. The accumulation of starch

is gradual at first and is localized in the chalazal end of the endo-

sperm. Later all the cells become gorged with starch, so that at

the time the cotyledons appear, all the cells are well supplied with
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the exception of those which occupy the middle portion of tlie

endosperm and the layer of absorbing cells next the raphe. The
endosperm continues however to grow, and ceases only when there

is left of the integument only a single layer of cells separating the

endosperm from the pericarp. The limit of growth in extent being

reached, the cells commence to secrete reserve cellulose. Their

lumina, by reason of the accumulating cellulose, become more
contracted and rounded in form. The increase of cellulose is ac-

companied by an evident reduction of the starch content, though

a plentiful, supply is present at the maturity of the seed.

The immediate supply of food necessary for the endosperm is to

be found in the integument, of which the starch content is gradually

increased as it reaches its maximum size. When the seed is ripe,

a single layer of integumental cells only is left, excepting an

island of tissue underlying the termination of the vascular tissue of

the funicle. The endosperm is thus a concavo-convex mass, sur-

rounded by an integumental membrane, this, in turn, being closely

invested by the pericarp four cells in thickness (//. 6, fig. 12).

A considerable amount of starch is found in all the cells of the

integument, particularly in the chalazal island.

Development of the Embryo

As already pointed out, the embryo remains unicellular till the

endosperm nuclei have reached the number of feight to sixteen,

when it begins to develop rapidly, one transverse division follow-

ing another until the embryo is composed of a cell row of ten or

a dozen cells (//. 6, fig, 6), The largest of these are in the sus-

pensor. The terminal cell, the fundament of the embryo proper,

is the smallest. The suspensor cells bulge out more or less. A
portion of the suspensor may be composed of two rows of cells

/. this is due to transverse division

' or to displacement by longitudinal pressure, I cannot say. Prob-

ably, however, the latter. The arrangement and number of cells

in the suspensor is by no means constant, so that it is a matter of

physiological significance alone. By further growth, the bulging

suspensor cells extend themselves, so as to lie between the endo-

sperm cells, but do not cause any destruction. They are filled

with cytoplasm, and have large active nuclei. The development
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of haustorial cells by the embryo in Callipcltis is not so great as

in Vaillantla^ either ni pohit of number or size. With the de-

velopment of the embryo proper and of the endosperm, the basal

cell elongates, allowing the embryo to take a more central posi-

tion in the endosperm. The haustorial portion is then near to the

embryo. The basal cell is finally crushed between the cells of

the endosperm, the haustorial portion becomes absorbed, so that

only a single cell is left as a portion of the root cap of the

embryo.

The development of the embryo is briefly as folIo\vs : After

transverse division has ceased, the terminal-cell divides longitudi-

nally once, then a second time. The second cell from the end fol-

lows suit, then the third and finally the fourth. Meanwhile the first

three tiers of cells are giving rise to dermatogen, then to plerome

in the fashion described by many authors for numerous dicotyle-

dons. The fourth tier of cells which apparently never exceed

four in number, remain so and may be recognized in the definitive

embryo as a small protuberance at the top of the root cap.

A great deal of variation takes place, but the plan just set

forth is followed in general and the ultimate product is the

same.

Sherardia arvensis

This plant, the only species of the genus, is a small upright

annual having the whorled foliage of the Galieae with small heads of

several flowers with rose colored tubular corollas. It is distrib-

uted in Western Asia, Europe and North Africa. The material

for study was obtained in cultivation in Germany and in New
York.

The history and character of the nucelli, integument and mega-
spore mother-cells call for no special treatment. No evidence

has been obtained pointing to differences in the division of the

megaspore mother-cells, or in the selection of a given megaspore
to become the embryo-sac. It thus appears that the megaspores

are of potentially equivalent value. During migration down the

micropylar canal the three serial divisions of the embryo-sac
nuclei take place and finally a definitive embryo-sac is formed

which differs somewhat from those hitherto described m form and
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proportion (//. 6, Jig. ij). The two small antipodals are con-
cavo-convex, and are set upon the endosperm cell as a cap. They
are densely filled with food materials. The third antipodal is

longer relatively than in either Vaillaniia or Callipdtis, and is

scantily supplied with cytoplasm. The distal end is formed into

a club-shaped swelling, and is buried in the mass of disintegrated
_

I

megaspores. The swollen end is filled with a tenuous and finally

granular cytoplasm.

The endosperm nucleus lies in the definitive embryo-sac

against the ^^^, into which position it has moved from a distant

position where fusion of the polar nuclei takes place (//, 6, figs,

15, 16, 77).

The development of the embryo proceeds by the formation of

transverse w^alls, until about a dozen cells in linear arrangement

have been laid down. All but the terminal cell form then the

suspensor in which two distinct regions are to be recognized. The
micropylar region is composed of larger vacuolated cells, which

grow out laterally into the endosperm forcing their way between

the cells. The nucleus lies in the concavity of the outgrowing

haustoria just as is known to occur in young root hairs (//. d,

fig. ig). The proximal portion of the suspensor is composed of

very short disc-shaped cells, which, while the embryo is young,

retain that form. As the embryo becomes older, the more distal

of these elongate, and some grow out into haustoria. When the

endosperm has reached its maximum size the laying dow^n of re-

serve cellulose begins in the peripheral cells first, and these cells

become unfavorable for the absorption of food by the suspcnsorial

haustoria. That portion of the suspensor, therefore, which comes

to lie in the region of cellulose formation degenerates /^n'/^^-^//

with the thickening of the cellulose laver. The function of ab-

sorption thus given up by the more distal part of the suspensor is

then taken up by the more new^ly formed haustoria. The suspen-

sor becomes loaded with food which is gradually passed on to the

embryo (//. 6, fig. 21).

In the development of the embryo proper there is correspon-

dence with the process as described for Callipcltis. One feature

appears somewliat different, namely, that the longitudinal division

of the terminal cell is followed by transverse division of its quad-
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rants, so that it appears as if the terminal five cells had gone to

form the embryo proper instead of four.

The mature ovule consists of a mass of endosperm with cellu-
I

lose as the chief reserve food, and one layer of integumental cells

still intact. The whole is closely invested by the pericarp.

The endosperm absorbs the integument till but one or two
cell layers are left, these forming a membranous lining of the

pericarp.

Galium

(Plate 7)

The species of Galium which have been studied are the follow-

ing : G^ Aparine, recurvuvi, piiostun, Molhigo, vcnnn, triflorum,

tiiictonuii, and Parisiense. As the species of this genus are very

similar with regard to the characters which we are considering, it

is not deemed necessary to treat them separately.

The origin of the nucelll is in all respects as in the forms already

described, and the same may be said of the number of cells in the

archesporium {figs, i, 2 and j), their division into megaspores by
two successive divisions (/^'. ^), and the subsequent enlargement of

one of these to act as the embryo-sac cell. In occasional instances

two such cells derived from different megaspores may enlarge and
when germination takes place, two more or less completely formed
embryo-sacs result {fig. it). In one case three such were found,

although here the third embryo-sac was very abnormal in appear-
ance. The nuccllar epidermal capping cells remain intact until

the megaspores are fully formed, but suffer histolysis at about the

time the migration of the embryo-sac mother-cell commences {fig.

4). The histolysis of the endodermis then follows, as the en-

larged megaspore moves forward along the micropylar canal.

The condition of the definitive embryo-sac is reached in the

A two -celled condition is shown in fig. 6. The
chief Interest in this connection attaches to the form the embryo-sac
takes in the various species of the genus under consideration. The
various degrees of curvature seen in different species is, no doubt,
due to the form of the ovule. The more strictly anatropous the
ovule, the straighter the embryo-sac. In Galium tinctonim in

which the ovule approaches the campylotrous" condition, the em-
bryo-sac is bent into an arc of ninety degrees {fig. id). In other

usual manner.
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respects save in three particulars the characters of the embryo-sac

are uniform namely, in the form of the endosperm cell, the shape

and disposition of the antipodals and the amount of the food con-

tent. In certain species, e. g., G. Molbigo, and G. Parisicnse^ the

endosperm cell is almost spherical while in others it is oval. In

G. tinctonim this cell is markedly constricted about midway its

^ _ {fig- lo). In

this plant also, the food content of the endosperm cell is evidently

greater, and is composed for the most part of starch. The starch

grains are indeed so crowded that the nucleus is very much dis-

torted by compression {Jig. lo). Finally the antipodal cells may

take two different arrangements. They may be placed tandem

iflonim {fig. 7) and G.Jfolhigo {fig. ii), or the

two small antipodals may lie in the same transverse plane as occurs

in G. Aparinc {fig. 8) and G. Parisiense {fig. 12), and some others.

A modification of this latter mode of arrangement is to be found

{fi

and arc placed obliquely with reference to the longitudinal axis of

the embryo-sac. These cells are at the same time densely filled

with starch, a good deal of which material is also to be found in

the long antipodal cell.

The haustorial antipodal cell reaches, in this genus, its great-

est relative length, as is illustrated by our /^'. p {G. tnfioriim),

which shows an ovule in longitudinal section, with an embr>'0-sac

just before fertilization.

The development of the embryo and endosperm in their earlier

stages presents no differences of special note. Considerable varia-

tion is shown in the development of the suspensor in the different

species. In G. Parisiense, for example, there is but a small haus-

torial apparatus Tormed, while the suspensor of this plant is re-

ition of the basal cell {fig. ij). Of
A

the species studied, the greatest development of the suspensor

reached in G. Mollngo {fig. IS)-

The endoVnii arises by division of the endosperm nucleus in

all directions, at first without the formation of cell walls. Soon,

however, these commence to form before, indeed, the suspensor

produces haustoria. The histolytic changes in the mtegument,

which take place relatively slowly at first, proceed a little later

t>

IS
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very rapidly, and, as indicated in fig. 14, the histolysis is not con-

fined to the imnnediate vicinity of the endosperm. In the same

figure we may note the antipodal cells to be still present, but they

are in a dead condition, and it would not appear that they are in

any way active agents in the action described, but rather thai the

enzyme which we may believe is secreted by the endosperm more

readily passes along the course of the antipodal apparatus and is

thus distributed to a distance from the endosperm.

That the behavior of the integument as the endosperm grows

is indeed the result of the action of an enzyme, we have evidence

in the case shown in fig, 15, where the cell-walls of the cells

lining the micropyle remain unaffected, although the surrounding

tissue has been totally destroyed.

It is to be noted also that the endosperm nucleus takes its

position against the egg cell, although this does not appear to be

the case in G^inctonun, This may be due to the interference of

the large and numerous starch grains which crowd the cell and

would very naturally interfere with the movements of the endo-

$perm nucleus
{fig, 10).

The food mass derived from the disintegrating megaspores

becomes exhausted at the maturity of the embryo -sac or soon after

and no trace of this may be seen soon after fertilization. At this

time, too, the fertilized Q.gg loses its vacuole by the increase of

the c5^toplasm, and the syncrgids at the same time disintegrate.

The course of development of the embryo is, in the early stages,

Hke that in the others previously described.

Asperula

(Plates S and 9)

Of this genus the following five species have been studied: A.

aziirca, galioidcs^ montana, setosa^ and tinctoria.

The development of the ovule and the appearances presented

by the archesporium in the genus Aspcnda do not differ in general

from the other Galicae, They present, nevertheless, some striking

points of contrast, especially when compared with Crucianclla,

The early stages of development of the ovule may be

over without further remark. When the definitive condition of

the archesporium has been attained, the further development of
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the ovule, especially of the integument, is such that the upper part

of the sporogenous tissue becomes compressed so that the indivi-

dual cells become displaced and distorted to such a degree that

the whole appears almost abnormal. This appearance is accen-

tuated during and after the division of the mother-cells, which, it

would seem, is by no means as regular as in Cruciamlla, This

irregularity is most striking in Aspcrtda montaua^ in the ovule of

which plant the compression appears to be greatest on the micro-

pylar part of the archesporium. This condition is obviously the

cause also of certain curious abnormalities in the behavior of the

embryo-sac to be described shortly. The irregularities in the be-

havior of the archesporial tissue consist in the differences in rapid-

Uy with which tetrad formation takes place, in the partial or total

suppression of tetrad formation in a greater proportion of the mega-

spores, in the early destruction, by pressure, of some of the cells,

and finally are such that the accurate observation of the behavior

of individual cells is rendered almost impossible.

That tetrad formation takes place normally, however, is quite

sure, from the fact that, in spite of the confusion, rows of four cells

each are repeatedly found. The megasporcs, sister to the func-

tional embryo-sac cell, persist in apparently normal condition for a

period at least equal to that occupied by the development of the

embryo-sac, and occupy, forasmuch as they do not secrete cell

walls, the same cavity as the embryo-sac. It sometimes happens,

too, that they have quite the appearance of the antipodal cells, so

that it becomes difficult to distinguish between them.

After the functional embrj-o-sac cell has started to migrate

{pi 8, fig. 2), some of the other megasporcs persist, while others

degenerate. Some, further, secrete cell walls, and undergo changes

which indicate that they are passing through early stages of em-

bryo-sac development. One such cell is shown in the upper right-

hand part of the figure.

It seems equally certain that the tendency is for the upper of

the tetrads to become the embryo-sac. The pressure already

referred to, however, modifies the ordinary mode of procedure, so

that not only may some other of the megasporcs r^ither than the

upper become the embryo-sac, but it may also be forced to develop

in quite the wrong direction. This is the case in Aspcnila man-
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tana, in which a completely developed embryo-sac is frequently to

be found in the chalazal part of the ovule, or even in the funicle.

/. fig

Fig. I, Ovule with a second embryo-sac Fig. 2. Ovule with three embryo-sacs,

two in the funicle and one in the usual

position. The dotted line indicates the fre-

quent protruding position of the embryo-sac.

lying in the funicle.

embryo-sacs are seen ; one in the normal position, /. ^., in the

micropylar canal, and one lying parallel to it, but in the funicle.

Both are completely developed. In text fig. 2 three embryo-

sacs may be seen ; the one normal in position, and the two others

lying against each other, in the funicle, and considerably dis-

torted. The egg poles of these two embryo-sacs are placed

against the pericarp ; that is to say, the embryo-sacs have grown

to the surface of the ovule. In fig^

and polar nuclei of one of these abnormally placed embryo-sacs

may be seen to be quite normal except for a small amount of dis-

tortion. Whether the ^^^ of such abnormally placed embryo-

sacs is ever fertilized is doubtful, and no case has been observed.

This plant has flowers which show a peculiar form of dimorphism

caused by the abortion of the ovules in a large percentage of cases.
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Only relatively very few ovaries with normal ovules therefore are

to be found, and from these only few seeds were produced under

the cultural conditions at

Bonn, where the material

was collected. In view of

these facts, therefore, the

failure to observe fertiliza-

tion in the abnormally

placed embryo-sacs is not

surprising. On the other

hand, there are grounds for

expectation that the beha-

vior of the pollen tubes is

such as to favor such an

occurrence.

Further peculiarities occur in the behavior of the normally

placed embryo-sac in Aspertda montaiia^ in that its growth con-

tinues often until the egg end projects beyond the mouth of the

Fig. *»

J Part of embryo-sac occurring in the

funicle showing egg apparatus.

Fig. 4. Protruding embryo-sac with ^t wo nuclei in mitosis. Ant., Antipodal

nucleus.

Fig. 5. Protruding embryo-sac with at least seven antipodal nuclei Polar nuclei

not yet fiised.
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micropyle and comes to lie between the integument and the peri-

carp. In text fig, 2 the dotted line indicates in a schematic way

the position taken by the embryo-sac under these circumstances,

and text figs. ^ mid 5 show two such embryo-sacs in detail. It

is to be noted that the egg apparatus under these circumstances is

always directed away from the funicle. In cases in which fertiliza-

tion takes place, the ^^^ elongates before

^r'-
\ >

'1 <

-^* i

F H i'*i *^ f
Ui

b^^

division, and the embryo thus comes to lie

within the ovule (text fig. 6). Fig, 7 serves

as an example, although here the egg ap-

paratus is not as far aw^ay from the micro-

_L
Uw\

•mr

h>T- ^

L r ri

pyle as m many other cases. The habit

I

^

of the embryo of producing a long slender

stalk before division is constant, and may

be seen even where the embryo-sac does

not protrude from the micropyle, where,

namely, the embryo-sac takes the same

Fig. 6. One-celled embryo position as in the Other Galieac {text fig, 7).

formed in a protruding em- ^Vhat the behavior of the pollcn tube in
brjo-sac.

^i •
t i i • i

Fig. 7. One-celled embiyo
^^is plant may be Cannot be said, as no

favorable material has so far been found.

A study of this point cannot fail to be of

interest.

The migration of supernumerary embryo-sacs into the funicle as

above described is of special interest as it bears on the question

of the guidance of the embryo-sac in its movements.
Under ordinary circumstances the embryo-sac ceil migrates

in embr}^o-sac occurring in the

more usual position.

cap odown the micropylar canal, breaking through the thin

nucellar tissue. Where, however, the pressure of the integument

is great enough the normal movements of the embryo-sac nucleus

are prohibited, and the embryo-sac makes an irregular growth in

any direction, and reaches no definite point. Wemay, there ore,

conclude that the guidance of the embryo-sac into the micropylar

canal is mechanical.

The other species of rA show in general the

same disturbances in the "archesporium due to pressure as in

Ajpenda montana, though not to the same degree. This is indi-

cated by the fact that no exception to the normal position of the
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embryo-sac has been seen, although similar appearances in the

archesporial tissue are there.

The only other point in connection with the embryo- sac calling

for special mention is the behavior of the antipodal cells. These
are by no means constant in number, and may vary even in the

same species, as far as observed, from three to seven. The most

typical condition is shown in //. 8, fig. j, {or Aspen/ la azuna,

A The long anti-

podal has the usual appearance corresponding as it does to the

homologous cell in the other Galicac. The other two, however,

are here very much enlarged and each consists of dense cytoplasm

with a large activ^e nucleus, and a very large central vacuole. In

the growth of these cells the adjacent tissues present histolytic ap-

pearances similar to those seen in the same tissue when the endo-

sperm enlarges. There is, therefore, so much evidence that the

antipodal cells are able to secrete substance which acts in the way

indicated upon the living cells.

When more than three antipodal cells occur they are arranged

in pairs forming an irregular double row, recalling the condition m
Aster (Chamberlain) and in Dwdia {pi. g, fig, j). In some

species the behavior of these cells is very irregular; one frequently

finds several nuclei in the same cell, and tlie cells are sometimes

much more slender in proportion than as represented In the figure

(p/. p, fig. 5). In all cases, however, the same observations

already made with reference to the pcrsistance of the antipodals

Asp

The Embrvo

Of all the Galicae studied, the genus Asptnilais most remark-

able for the extreme development of the suspensor. In A^ setosa

{pi. 8, fig, 4) the haustorial cells attain a large size, and extend

to a considerable distance from the suspensor into the endosperm.

The amount of cytoplasm is not great, and is collected mainly at

the distal ends of the haustoria, where the nucleus is to be found.

At this point the growth of the organ takes place, so that we have

here a ver>' close analogy with the root hair in which, as Habcr-

landt * has shown, the nucleus and cytoplasm behave similarly.
b -.k^VZ Tl tw-r

*U"eber die Ec^ichung zwischen Function una Lage des Zellkernes bei den

Pilanzen, Jena, 1S87.
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I

In this form, on account of the large size attained by the haustoria

it is quite easy to see that, as they penetrate the endosperm, the

process is accompanied by mechanical readjustment of the cells of

the latter, without any destruction. PL 8, fig. 5, shows a later

stage in the same or a closely related species, from which it will

be seen that as the embryo grows older the haustoria becomes

filled with cytoplasm. Meanwhile their proximal extremities be-

come compressed and drawn out as a result of the pressure exerted

on them by the growing endosperm. The suspensor, exclusive of

the haustoria, then presents a fibrous appearance, with little cyto-

plasm, and is litUe more than an irregular tube joining the bases

of the. haustoria and the embryo. The haustoria in some instances

are very narrow, and extend to a considerable distance, passing

beyond the embryo proper. Such narrow ones remind one of

fungal hyphae, which pursue an intercellular growth, or of the

pollen tube with its analogous behavior.

In the other species, for example A. asurca and A. galioides,

the suspensor develops haustoria which, instead of penetrating to

a distance into the endosperm, confine themselves to rather narrow

limits, while the immediately surrounding endosperm suffers his-

tolysis. All the preparations of plants in which this behavior

takes place show a perfectly normal structure in the haustoria, in

which the cytoplasm is very dense and finely granular as in A,

galioides^ while in the material in which they are embedded no

trace of structure is visible, nothing, in short, but the mucilaginous

irregularly staining products of histolysis.

As the embryo becomes older the haustoria become separated

from each other but still keep a normal appearance. The study

of a complete series, of which //. 8^ fig. 6, represents a component

of three sections, shows no union between several of the haustoria,

although this fact cannot well be shown in a drawing.

The behavior of the suspensor in the various species of Asper-

lila is therefore so different, as well as the relation between it and

the endosperm, that we are prevented from interpreting the facts

in the same way. In some cases, as described, the relation in-

volves histolysis of the endosperm, which indicates that, in such

cases, the suspensor secretes an enzyme.

The earlier cell divisions of the embryo proper are as described
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in Callipdtis. It is to be observed, however, that tlie longitudinal

divisions which are generally confined to the last four cells of the

bry

fig-

Rubia tinctoria

(Plate 9, Figures 1-6)

The nucelli of Rnbia are recognizable by their form which in

the young condition, before the integument has commenced to

grow, Is characterized by a sharp bend on the inner side of the

funicle. The megaspore mother-cells are fewer In number and

are of different proportions, being shorter and thicker than the

same structures in the rest of the Galicae studied. Their nuclei

are relatively larger i^fig. i\ The tapetal cells fail here as

elsewhere, and the division of the spore mother-cells is reg-

ular
{^fig. 2) giving rise to four equivalent spores. It is a com-

mon occurrence for several of the megaspores to divade with the

result that a confusion is caused. The migration of the proper

embrj^o-sac cell along the micropylar canal is accompanied by the

usual divisions and the ultimate formation of an embryo-sac {Jig^

5). The haustorial antipodal cell is broader and shorter than

those of the foregoing forms. The other antipodal cells may be

ver}'- small, and placed laterally or in some cases are quite large.

In the former case they are filled with cytoplasm, in the latter case

they have a cytoplasmic lining and the interior is filled by a large

vacuole.

It IS interesting to note that the embryo-sac nuclei do not cause

the disintegration of the endodermis so rapidly as in other Galicae,

and appear to force their way along the micropylar canal, without

the immediate collapse of the impinging cells [fig. j).

In many respects the features of the archesporium and of the

embryo-sac present the same peculiarities as have already been

described in Aspcrula. There is the same tendency towards the

formation of supernumerary embryo-sacs, and the same characters

are shown by the persisting megaspores {fig. 4), the nuclei of

which are supplied with a scanty amount of cytoplasm, and are

found lying freely in the irregular cavities left by the megaspore

mother-cells.
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After fertilization the endosperm grows very rapidly, and gets

a large bulk. Although the growth of the embryo is immediate,

and as rapid at least as in the other plants so far described, it is

proportionately slower, so that in a fruit so large that one would

naturally expect to find a large embryo, one finds, on the con-

trary, a young embryo without cotyledons. The endosperm has

large cells and contains a very small proportion of plasma. For

this reason the endosperm plasmolyzes very easily.

The suspensor of this form is very fully developed (^^. ^).

The cell divisions are, at first, solely transverse. Soon, however,

they become irregular and often strictly longitudinal, while all of

the suspensor cells excepting a few disc-shaped cells near the

embryo proper, and still fewer at the micropylar end of the sus-

pensor develop into haustoria. The relatively greatest develop-

ment is reached by the suspensor when the embr}'o proper has

about eight to' sixteen cells. The pressure exerted by the endo-

sperm upon the suspensor, together with the direction of growth

of the same causes the suspensor to be drawn out, so that the

embryo proper appears to be anchored to the endosperm, which

in this way is enabled to exert a tension upon the suspensor.

Crucianella

Plate

Of the genus Cv7icia7ieUa, three species, namely, C. gilamca, C.

lu: These present

certain anomalies which arc of not a Httle interest in view of the

close relationship between Cntcianclla and the rest of the GalifiW.

The archesporium consists of 12 to 15 very kirge embryo-sac-

mother-cells, which, however, vary between themselves in size.

The largest occupy the more central position, and these are also

distinguished by the completeness of their nuclear divisions ;
the

other cells divide less regularly or not at all, and the more quickly

show signs of degeneration. The cell walls between the mother-

cells are very delicate, but are present and easily distinguisliable.

The division of the megaspore mother-cells each into four

grand-daughter cells is remarkably regular, and results in the

formation of four megaspores which are alike in size, but not

separated by cell walls. This feature, to which only very occa-
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sional exceptions may be found, may be regarded from the

phylogenetic point of view as a step further removed from the

condition in Angiosperms in general in which the tendency to form

cell walls may be regarded as an inheritance from forms in wliich

the megaspores are in maturity free bodies.

Similar failure on the part of the megaspores to form cell walls

has been reported to occur in Eidihot'nia'^ and in Avena\ and is

probably of much wider occurrence than at present supposed.

Certain authors —Juel, Murbeck and Koernicke especially

—

have recently concentrated attention anew to the constancy and

significance of these divisions —the tetrad division. In addition to

the evidence adduced from the character of the nuclear mitoses,

to which reference is made in another part of this paper, the facts

which speak for the morphological equivalency of the cells which

justifies the use of the term megaspores as applied to them have

been set forth at length by Koernicke.^

Remarkable as is the regularity with which the megaspore

mother-cell divisions take place, still more so is the further di-

vision, in very many instances, of all the uicgaspores shmiltaneously.

If we regard these as the first embryo-sac divisions, w^hich w^e are

justified in doing from a comparative standpoint, we are forced to

regard the eight resultant nuclei derived from a single megaspore

mother-cell as representing four embryo-sacs lying tandem. It

has been determined by actual count that some ovules may thus

be supplied with a dozen young embryo-sacs. Of these two or

three of those deriv^ed from the megaspores lying adjacent to the

micropylar canal may commence to develop into functional em-

bryo-sacs. Only one, however, normally attains full development.

The very evident physiological as well as morphological equiva-

lency of the megaspores in this plant irresistibly compels the com-

parison with the conditions seen in certain heterosporous vascular

cryptogams, especially w^ith Selaginella^ in w^hich the majority of

the megaspores serve as nutriment for the functional ones,

* Smith, W. R. A Contribution to the Life History of the Pontederiaceae. Hot.

Gaz. 15 : 1S98.

f Cannon, W. A. A Morphological Study of the Flower aiid Embryo of tlie Wild

Oat, Avena fatua L. Proc. Cal. Acad. Botany, III. i : 329. 1900.

% Studien an Embryosack-Mutterzellen. Sitzungsber. Gesellsch. Natur. und Ileilk.

Bonn, 1901.
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The occurrence of such conditions in widely separated famihes

is, however, a fact derived from comparative study, which warns

us from inferring phylogenetic continuity. We are dealing here

with recurrent morphological structures^ called out in response to

physiological necessities.

Of the four megaspores formed, although as just pointed out

their activity is indicated by their tendency to further division, only

the upper one, namely, the one furthest removed from the chalaza,

develops into a functional embryo-sac. No. exception to this rule

has been observed. Instead, also, of enlarging directly at the ex-

pense of the other three by destroying and absorbing them, it

moves into the micropylar canal, meanwhile growing at the ex-

pense of the adjacent tissue of the ovule {^figs, i8^ /p, 21^ 22), In

so doing the nucellar capping cells are destroyed. The fate o( the

remaining megaspores of the tetrad is indicated in Jig. ip, in

which they may be seen to have undergone partial disintegration,

and to have been drawn forward toward the embryo-sac as if by

suction. This appearance is quite constant, and is difficult to in-

terpret in any other way. That the materials derived from them

by their gradual disintegration and that of the other megaspores

are used by the embryo-sac is shown by their gradual disappear-

ance inversely to the growth of the embryo-sac.
I

For some time during the development of the embryo-sac,

however, the tetrad masses maintain their normal appearance, and

indeed elongate considerably, but generally show signs of degen-

eration before it is completely developed.

At the time the embryo-sac cell commences its migration

down the micropylar canal certain changes take place in inner lay-

ers of the adjacent integument These consist in the rapid growth
of the cells to many times their " original volume, and the pro-

nounced enlargement of the nuclei (_/%•. rj). These cells appear

to be very active, and in some cases they fail to secrete cell walls,

so that we find occasional cells provided with several nuclei. This

behavior of cells, namely, their failure to form cell walls immedi-
ately, appears to be connected with a highly nutritive function,

and recalls the conditions in young endosperm, in the suspensor
of some Legtiminosae (Guignard, /. r.), and in the megaspore
masses described above. Examination shows that this cell mass
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is a specialized portion of the ovule which is especially concerned

in secreting starch, of which a very large amount is present, while

it is at the same time absent from the rest of the ovule.

At the base of the archesporium the cells of the chalazal tissue

appear, in a very early stage, just as the remainder of the cells of

the ovule. As the integument develops, however, and therefore,

as the archesporial cells increase in size, these chalazal cells take

on a different character {cx.y figs. 7, p and ij). From being

small cells with a rather scant supply of cytoplasm, and relatively

small nuclei, they become larger, their nuclei grow, and they be-

come densely filled with cytoplasm. This appearance they main-

tain during the periods of growth of the archesporial cells, of their

division into megaspores, and of the subsequent elongation of the

tetrad masses. At the close of the activity of the latter the chal-

azal cells lose their supply of cytoplasm and return to the condi-

tion of the rest of the cells of the ovule.

Wemay therefore interpret them as physiologically active in

the nutrition of the archesporium. Similar specialized chalazal

cells have been described in many forms, more recently, how^ever,

in PolypompJiolyx'^ and \\\ Stylidium.\

The embryo-sac cell moves rapidly along the micropylar canal,

and as it moves forward the integu mental tissue closes behind it.

The course taken may readily be traced by the more deeply stain-

ing cell walls of those cells lying next to the canaK The division

of the embryo-sac cell follows the usual order, as heretofore de-

scribed.

In this genus, however, the development of the embryo-sac is

marked by the very sudden disappearance of the antipodal cells.

Of all the preparations made, in not one have all three of the anti-

podals been seen, although they are developed, as indicated in

fig. 21, ant. The polar nuclei have been seen, and several

cases have been found where one antipodal nucleus appeared

normal. All the evidence indicates, therefore, that the sudden

death of these nuclei is a character of the genus. It must however

be noted that the antipodal end of the embryo-sac extends some

*Lang, F. K, Untersuchungen uber Morphologic, Anatomie, und Samenent-

wickelung von PolypompJioIyx und Biblis gigantea. Flora, 88 : I49-206. 1901.

t Burns, G. P. Beitrage zur Kenntniss der Stilidiaceen., Flora, 87 : 313-3S4-

1900.
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distance backwards toward the archesporial tissue, and is in con-

nection with the same by means of the micropylar canal.

The embryo and endosperm present no points of striking differ-

ence from the same structures already described in other Galieae.

piodia Virginiana

(Plate 12, Figures 1-12)

I am indebted to Professor Frank S. Earle for collecting and

preserving material of this and the following species described.

NucELLUS. Stropiiiole and Integument

From the account already given of the origin in the Galieae of

the nuclei and basal partition, we have seen that the former rise

independently from the floor of the ovary, and that the latter even

at maturity of the ovules reaches over to one-fourth the distance

from the floor to the roof of the ovarial chamber.

In the forms now to be considered, however, a somewhat dif-

ferent condition is to be found. Here the basal partition originates

at the same time with the nucelli, so that in an appropriate longi-

tudinal section one sees a plate of tissue rising from the floor

of the ovary, from the sides of which the nucelli, seen as hemi-

spherical masses, take their origin {fig. /). With the further de-

velopment of the ovary, the basal partition and that formed by the

upper parts of the carpels, grow with equal rapidity, so that at the

time the embryo-sac is mature the floor and roof moities of the

ovarial partition fuse at a point half way from the floor to the

roof of the ovary. At this point, therefore, are inserted the funicles

of the ovules, whose growth is such as to give rise to the amphi-

tropous form {^figs. 2, 8, and p).

Early in the development of the ovule at the time when, in as-

suming the amphitropous position, its axis is passing through a

transverse plane, a growth which superficially suggests an integu-

ment makes its appearance first. on the morphologically lower sides

of the funicle. Coincident with the origin of this organ which for

our present purposes we call a strophiole, the single integument

commences to develop as a ring-shaped fundament about the epi-

dermal capping cells of the archesporium. The growth of the in-

tegument is such as to form a long micropylar canal, the mouth
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of which is ultimately covered by the strophiole. Certain features

of special interest attach to this organ which will now be described.

In the first place, the supply of vascular tissue to the ovule is

confined to the strophiole, A single strand of the same passes

through the funicle and upon reaching the strophiole divides,

sending one branch, the chief one, to the chalazal region of the

strophiole, the other toward the micropylar region [a and a\figs,

2, 8, p). The chalazal branch {a) presents at its extremity a sharp

turn towards the spot at which lies the archesporium.

Secondly the limit of the strophiolar tissue is sharply defined

by the presence of a plate of brown-walled cells (sp. in the figures),

having the same cytological characters as the epidermal cells of

the integuments, which also become brown. In the young ovule

the strophiolar plate is not to be seen, and has its origin at about

the time the embryo-sac reaches its definitive condition, in scat-

tered cells which marked the position of the plate, and which in-

crease in number until the sheet of tissue is complete. When
this takes place there are no fenestrations in the plate excepting

a sometimes smaller one at the extremity of the chalazal branch

of the vascular supply. It ultimately becomes continuous with

the epidermis {fpiy fig. p) and thus the ovule exclusive of the stroph-

iole conies to be completely surrounded by a sheath of cells with

scanty plasmatic content, and deep brown walls.

In the third place the strophiole is characterized by the occur-

rence of a large number of excretory cells which become filled

with raphides. When the seed is mature the strophiole carries a

heavy load of calcium oxalate- As many as two hundred of the

raphide cells hav^e been counted. The remainder of the tissue is

composed of cells which do not differ materially from the paren-

chyma of the integument. From the foregoing facts, it must be

evident that the strophiole is the seat of special metabolic activity,

during the growth of the embryo and endosperm, and that the

strophiolar plate is of no special hindrance to the passage of proper

food materials used by the embryo and endosperm.

Archesporium and Embrvo-Sac

The archesporium is laid down in certain hypodermal cells of

the nucellus of any early age. No tapetal cells are cut off, nor is

Mo. Hot. GcM-ftn
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there any further growth of nucellar tissue above the archesporium.

The conditions then, are precisely as in the Galieae In which the

archesporium is surmounted only by a group of epidermal capping

cells. In the form, here being described, the archesporium, how-

ever, contains only one functional megaspore mother-cell {^fig, j)

surrounded by a number —about a half dozen —of cells of similar

character, but reduced in size, and as their later history shows,

possessing usually no ability to divide or to act as embryo-sac

fundaments. No instance has been found in which two embryo-

sacs have been present in a single ovule, a witness to the reduced

ability of these cells as compared with their homologues in the

Galieae.
w

The functional megaspore, however, grows apace and is easily

to be recognized by its size and appearance. Its cytoplasm,

especially at its outer end, is of a loose reticular structure

which, in this form in particular, is very marked. Whether by

division this cell divides to form megaspores or not, I can not at

present say. In the figure shown i^fig. j) the synapsis stage

there represented indicates that such divisions do occur since the

first division of the embryo-sac nucleus takes place, in a closely

related plant, at a later stage. To say that a direct development

of the megaspore mother-cell into the embryo-sac takes place would,

however, in the absence of positive evidence, be gratuitous. We
therefore assume that such is not the case until a more favorable

opportunity is presented for more careful investigation of the

point.

The embryo-sac cell, when the integument is well grown, is

ready to commence its development. It is to be noticed that in

the case before us the subsidiary archesporial cells do not suffer

disintegration during the enlargement of the functional embryo-sac
cell. The latter when fully developed pushes forward, causing dis-

integration of the epidermal capping cells and enters the micro-

pylar canal. Down this it moves, dividing meanwhile so as to

give rise to the usual complement of embryo-sac ceils. The re-

maining undivided megaspore mother-cells follow the moving
embryo-sac cell, and arrange themselves lengthwise in the arche-

sporial cavity and the adjacent portion of the micropylar canal in

such a manner as to form a continuous strand of elongated cells
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connecting the embryo-sac with the archesporial cavity {fgs. /,

5, 12). Near this point, as above pointed out, ends the chalazal

branch of the vascular tissue of the strophiole. It must be further

pointed out that the chalazal tissue cells are elongated between the

archesporium and the vascular tissue, completing the path along

which we may believe passes a supply of food materials from the

parent plant to the developing embryo-sac. The persistence of

the subsidiary archesporial cells with normal appearance until the

endosperm is well developed sustains this view.

The embryo-sac in form is cylindric and presents, so far as the

^gg apparatus and endosperm nucleus are concerned, no point of

special note. The fusion of the polar nuclei takes place quite near

to the ^gg. The synergidae have well developed beaks which

have been described for many forms and which I have referred to

in another part of this paper.

The Antipodal Cells

The feature of particular note is, however, to be found in the

antipodal cells, which possess the power to divide, and form a tis-

sue of considerable extent. The number of cells has been counted

in several instances, and varies from four to ten. Frequently the

several component cells are not separated by a cell wall, in which

cases two or more nuclei may be found in a common mass of cyto-

plasm. The last antipodal is tapering in form, and overlaps the

adjacent subsidary archesporial cells {fgs. 6, 12), so that there lies,

between the endosperm and the chalazal end of the vascular tis-

sue, a continuous strand of transporting cells. There can be no

doubt of the activity of the antipodal cells in this regard because

of the following facts : The antipodal cells exhibit a degree of

active growth, they are at all times richly supplied with starch, a

substance which is abundant in the embryo-sac during its whole

time of development, and they do not disintegrate, but, on the con-

trary, maintain their form and normal appearance for a long time

after fertilization, while the endosperm is in its earlier most rapid

growth. In appearance they are apparently similiar to the anti-

podal tissue described by Chamberlain (/. c.) in Aster. The coin-

cident persistence of the archesporial cells is also noteworthy in

this connection.
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The Endosperm and Embryo

The endosperm is at first parietal, and arises by free cell for-

mation. At a somewhat early stage the central cavity becomes

obhterated by the growth of the endosperm cells toward the center.

Walls are then secreted and the tissue then presents in the main

the same appearance as the endosperm in the Galicae, The pe-

ripheral cells, which are more densely filled with cytoplasm than

the rest, appear to play the roles of digestive and absorptive cells

before which the integument breaks down as the endosperm grows.

The integument breaks down with the usual appearances accom-

panying histolysis, although the cells of the micropyle resist the

digestive action rather more than the rest of the tissue. The cells

of the middle part of the endosperm, as the latter reaches a con-

siderable size, present, on the other hand, a quite different char-

acter. They are larger and have contents which stain in such a

way as to suggest that they also are suffering histolysis. A col-

umn of such cells extends from the embryo two-thirds of the

longitudinal distance through the endosperm. As the embryo

grows in length it comes to occupy this space, displacing the cells.

The embrj^o is of remarkably slow growth in the earlier stages

of its development. The early growth takes place in the usual

way, forming a suspensor of a few cells which are totally devoid'

of such outgrowths as have been described for the Galicae. The
spherical form of the embryo proper is reached only slowly, and

meanwhile the endosperm grows so as to reach nearly its final

size. The later development of the embryo during which the coty-

ledons are formed is more rapid.

Diodia teres

(Plate 12, FIGURES 13-17; Plate 13, figures x^io)

The Nucellus and Strophiole

With a triflinGf

apparently to the somewhat different mechanical relations in the

ovary

(//• 12. fig' ^3\ The in-

sertion of the funicle, however, is not so far removed from the base

of the ovary on account of the somewhat less rapid development
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of the basal partition. Quite soon the strophiole appears on the

concave side of the funicle (//. 12, fig, 14), and the ridge grad-

ually extends to the opposite side. With further development the

micropyle becomes entirely closed by the strophiole, which agrees

with its homologue in Diodia Virginiana in being possessed of

special excretory cells containing raphides in large numbers, and in

being the organ in which the vascular tissue of the ovule is dis-

tributed. The cells adjacent to the vascular tissue are small and

are more densely filled with plasma, and increase in size in ap-

proaching the integument The latter is not delimited from the

strophiole by means of the brown cells which have been seen in

D, Virginiana^ and which are absent from the ovule entirely. The

epidermal covering of the funicle and part of the strophiole is

strikingly developed, and has been described more fully in another

part of this paper. It is sufficient at present to point out the fact

that they are deep columnar cells with thickened walls, and form

a collar of tissue about the funicle, but havmg no relation to the

nutrition of the ovule (//. 13, figs, /, 7, 8).

The Archesporium and Emuryo-Sac

The archesporium is in all respects similar to that of Diodia

Virginiana [pL 12, fig. /j). Only one functional megaspore

mother-cell is present which divides to form four megaspores (//.

^^y fiS^' ^^> ^7)* One of these, probably the basal, judging from

appearances, such as are s^^n, for example, in //. ij, fig. <?, is the

embryo-sac cell. This grows rapidly, becomes loaded with

starch, and commences its migration along the micropylar canal.

As the nucleus passes forward, a vacuole is formed behind it.

This vacuole is. also present in Diodia Virginiana {pL 12, figs. 2,

4, and 3).

Tlie embryo-sac when mature is comparatively short, and only

three antipodals are present, and we notice that, although one of

these is much larger than the others, it is nevertheless much re-

duced in length as compared with that cell in the forms previously

described. The persistence of these cells for a considerable

period, together with their heavy starch contents indicate that they

have a considerable amount of activity. The functional activity

of the antipodal cells even in this form where, to all appearances,



5i Comparative Embryology of the Rubiaceae

they are of less importance than in the other plants studied, is in-

dicated by the distribution of starch. In the unopened flower the

embryo-sac is crowded with this food material, which is, however,

absent from the rest of the ovule. As the flower opens, and at

the time of fertilization, the starch disappears from the embryo-sac,

first from the egg pole, so that in an old flower starch is entirely

absent from the embryo-sac, but has commenced to accumulate

at the chalazal end of the ovule. After fertilization, starch reap-

pears in the antipodal cells, and then in the growing endosperm,

so that when the latter has considerably increased {pi, ij, fig- 6),

the former are very rich in starch content. In this connection it

is to be noticed, also, that the subsidiary archesporial cells soon

disappear, and take no further part in the development of the

ovule. They are, in fact, quite lost to view when the embryo-sac

contains but two cells. The endosperm nucleus lies appressed

against the egg cell for some time before division. The endosperm

is of the parietal type (//. /j, Jig. (5), and its behavior is similar

to that of the same structure in Diodia Virginiana, as is also true

of the integument.

ovary

tegument becomes folded over the strophiole, the whole produc-

ing the curious effect shown in//, ijyfig. 8.

Tlie embryo is slow in developing, and no haustorial out-

growths occur. The cells of the suspensor are at first short, and

disc-shaped and later lengthen, bringing the embryo deeper in

the endosperm (/>/. /j, fig, p). That the suspensor is not an

organ of only mechanical significance may be inferred from the

occurrence in it of a great deal of starch up to the time, at least,

when the cotyledons are well started.

Richardsonia pilosa

(Plate 13, figures 11-18)

Material in cultivation at the New York Botanical Garden.

In the main, this plant agrees with the tw^o species of Diodia

as to the development of the ovule and archesporium, and of the

embryo. The following important points of difference are to

be noted.

The functional megaspore enlarges and develops into the
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embryo-sac hi situ. In lengthening, however, it grows forward,

and destroys the nucellar cap, so that these cannot be seen after

the embryo-sac nucleus divides. No migration, strictly speaking,

takes place, so that the antipodal cells appear m the position pre-

viously occupied by the archesporium. The few reduced sub-

sidiary megaspore mother-cells are soon absorbed and are lost

to view.

By the usual number of divisions the eight embryo-sac nuclei

are formed, and the ^^g apparatus, polar nuclei and antipodal

cells arrange themselves in an oval cavity. The antipodals are

constantly three in number, and are in this plant all nearly of a

size i^figs, i^y ij). For some time they possess a large, deeply stain-

ing nucleus, finely granular dense cytoplasm, and a vacuole at

their free ends, and present the appearance of certain glandular
1

cells, especially the stigmatic cells in some plants, and of syner-

gidae. This fact is important, as it indicates a considerable degree

of physiological activity on the part of the cells-

After fertilization the embryo develops slowly, forming first by

transverse cell divisions a row of disc-formed cells. The suspensor

remains always a short organ, with no special adaptations. The

endosperm is at first parietal, but early fills the cavity by equal

centripetal growth on all sides. At such time as this occurs, there

appear at the apex of the embryo certain very much enlarged cells

of endospermic origin, with nuclei considerably greater than those

of the rest of the endosperm cells {Jrg. i8). Beyond their size, as

just indicated, these cells do not present any peculiarities, and it is

therefore difficult to any Avhether they possess any special physio-

logical peculiarities, although this seems probable. They corre-

spond in general to similarly placed cells in other types described,

as having a centripetally developing endosperm, differing from

them chiefly in size.

As the ovule enlarges after fertilization the limiting cells of the

strophiole take on the brown coloration already noted in Diodia

Virginiana. This change spreads to the cells surrounding the end

of the vascular bundle. The peculiar function of these cells, if

such they possess, remains problematical- It is certain, however,

that they exert no unfavorable influence on the passage of food

solutions, whether they have any positive value or not.
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Houstonia

(Plate 14)

The two species of the g^nns ifoiistonia which have been

studied are Houstonia cocnilea and H.JongifoIia^ both of which

have been found to be in essential agreement.

The style, which in Houstonia is single, is provided with two

stigmas, and arises by the concrescence of two ridge -like fun-

daments which develop, as in the Galieae, laterally and oppo-

site to each other, in the inside of the hollow torus {s, figs. /, 2

and jy During concrescence a transverse ridge {figs. /, 2 and j)

is formed on the inside of the ovary roof, which, by downward

growth, ultimately divides the originally single ovarial chamber

into two locules. This ridge, which may be described as hanging

from the roof of the ovary, unites along its free lower border

with a parallel, low broader ridge developed in the floor of the

ovary. This floor ridge ib^figs. 2 and j), which must be regarded

as representing two fused carpellary margins, is not evident until

the two rounded fundaments of the placentae (/, fig. /) have

reached considerable size. These two structures have the same

position and appearance as the fundaments of the ovules in the

Galuae. In the latter forms, however, the two carpellary margins

produce each a single ovule ; in Houstonia a knob-shaped placenta

is formed in each locule occupying the same topographic relations

as the ovules in the Galicae.

Each placenta soon begins to show a number of protuberant

growths, which may early be recognized as. the primordia of

ovules. The development of these is of peculiar interest.

Up till the time when the archesporium is to be distinguished

the course of development of the ovule is like that in the Galicae,

A single row of epidermal cells cap the archesporium, but these

cells, which in the Galicae remain without further division, in

floustonia suffer periclinal divisions {fig. ^), as do also the

adjacent epidermal cells. This process is continued until the

archesporium comes to He in the middle of the nucellar mass. No
integument at all is developed; indeed, the regular periclinal cell

divisions which characterize the early stage in the development of

the integument in the Galicae are absent. The suppression of the

integument accounts for the absence of the micropylc.
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By growth in all directions the mass of the ovule is increased,

and finally a bowl-shaped form is attained, with the concave sur-

face turned toward the placenta. This change in form is accom-
panied by lengthening of the funicle, which has histologically the

appearance of being a part of the placenta, but which in reality is

derived by the regular division of the cells {fgs. 8 and to, ff),
which constitute a very short stalk in the younger condition.

It is interesting to note in passing that the " muelhis midns"'

of Schleiden, which that botanist incorrectly thought to be found
in certain Rubiaceae, is realized in Hoiistonia.

It must be evident that generalizations made heretofore with

reference to the occurrence of ovules without integument in de-

generate plants must fall to the ground.

The ArchesporiuxM

The archesporium consists of a single large enibryo-sac-mothcr-

cell, surrounded by a single layer of usually about six small

slender suppressed ones which show no tendency to divide. They,

however, do not all degenerate, but some at least take on special

cytological characters and take up their position in the cavity

vacated by the functional cmbryo-sac-mothcr-cell in its develop-

ment {^fig. p). In this figure one may see two such mother-cells

which have the appearance of glandular cells, resembling in this

regard the antipodal cells. From the same figure it is also evident

that some of the mother-cells persist in this character for a con-

siderable period, until, at least, the completion of the embryo-sac.

When the growth of the nucellar cap has proceeded until the

archesporium comes to lie in the middle of the naked nucellus,

the division of the megaspore mother-cell takes place. Four

megasporcs arise by two divisions, of wdiich, contrary to the

general rule among the Rubiaceae studied, the basal megaspore

becomes the embryo-sac cell. In Jig, 6, in which the arrow indi-

cates the ^^^ pole, are shown the four cells, of w^hich the basal

is the largest. Its sister cell is small, while the remaining pair of

cells are evidently destined also to be of small dimensions.

The embryo-sac cell develops into the embryo-sac /// situ.

fig. 7 shows the two-celled, and fig. 8 tJie four-celled, condition.

The definitive condition is shown in fig. p. In its growth, the



58 Comparative Embryology of the Rubiaceae

embryo-sac destroys the surrounding nucellar tissue {fig. 8), but

more rapidly in the direction of the egg pole, and leaving the tis-

sue about the archesporium intact. The suppressed megaspores,

which are represented on either side the functional one in fig. 5,

meanwhile enlarge somewhat, and a vacuole appears in the cyto-

plasm. In this condition they may be seen, when the embryo-sac

is mature, occupying the space previously mapped out as the

archesporium, behind the antipodal cells, to which they are very

similar in cytological characters, differing only in size. The anti-

podals are all of a size, densely filled with finely granular cyto-

plasm, and having a large vacuole in the end adjacent to the enr

dosperm cells. Soon after fertilization both the megaspores, which

persist up till this time, and the antipodal cells degenerate, and are

seen as irregular, deeply staining masses.

Before the endosperm nucleus commences to divide it is seen

lying against the young embryo. The growth of the endosperm

is at first parietal, remaining so until two or three irregular layers

of cells have been formed. As the result of the rapid increase in

amount of vacuolation, however^ the endosperm cells increase in

size so as to obliterate the enclosed cavity, thus passing from the

parietal condition to that found in the Galieae, but by a different

mode of development {figs, 10^ ii, and

The development of the embryo is exceedingly slow. From

the condition, in which it has a rather characteristic cylindrical

form, it becomes multicellular by transverse divisions which occur

slowly. No haustoria are produced, nor is there any point of par-

ticular interest in the later development.

When mature the seed consists of a seed coat of a few layers

of very much compressed cells derived from the outer zone of the

integument, enveloping the endosperm, which, in turn, surrounds

the embryo.

The cells of the endosperm are rich in proteids with a few

scattered starch grains. The cell walls are moderately thick,

while those of the outer layer of cells are considerably thickened.

The separation of the seed from the placenta takes place at

the plane of the insertion of the funicle in the seed, along the plane,

therefore, in which the growth of the funicular cells by division

takes place iff^ fig. id).
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SUMMARYAND CONCLUSIONS

The results presented in the foregoing; pages have been derived

from a study of 23 species representing 9 genera of the Rubiaceae.

In view of the great size and complexity of the family as at

present understood, any conclusions based upon so small a pro-

portion of the whole segregate may be applied with probable

truth only to the genera represented by the species studied.

Of the lot, the Galicac have been the mos*t thoroughly

studied, and this group has been found to present a high degree

of homogeneity, and the characters ascertained, with one exception

to be noted below under 5 may be received as applying with only

slight differences to all the plants of Galieae.

1. In all the plants considered, excepting in those of the genus

Hoiistonia, two ovules are present. Their prlmordia arise in the

floor of the ovary on either side the floral axis, and develop in

such a manner as to produce approximately anatropous ovules

provided with a single integument and with a greatly reduced

nucellus which is not. to be distinguished except at an early age,

when it takes the form of a cap consisting of a single layer of cells

crowning the archesporium. In the Compositae this layer forms a

complete investment of an unicellular archesporium. It would

appear, then, that the nucellus in these Riibiaceae is suppressed, a

view however which is hardly in accord with the facts ; for the ap-

parent lack of a nucellus such as we find in the Compositae, may
be regarded as a resul^t of the thickening of the tissue of the pri-

mordium about the sides of the archesporium and the origin of the

much thickened integument nearer the morphological apex of the

primordium. According to this interpretation the nucellus is

marked by the more abundant growth of its sides and its intimate

relation to the integument.

This circumstance, if, as I hold, a fact, leads to a diflficulty n
w

delimiting the nucellus as ordinarily defined, a difficulty however

no greater than that encountered in defining any organ when

viewed in the light of modern morphological conceptions.

2. In the Spermacoceac there is, in addition to the integument,

a second outgrowth, derived from the funiculus and here called a

strophiole. This structure contains the vascular supply of the
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I*

ovules and possesses also in large numbers special excretory cells

which become loaded with raphides.

Similar cells are found in some Qalieac in the immediate vicinity

of the embryo-sac for some time before and after fertilization, and
r

the role which the contents play in the physiological economy of

the ovule is by no means clear.
r

It may turn out that in both instances the calcium oxalate is

of some positive value, and the term "excretory" as used above

must be regarded as provisional.

3. In Houstonia each locule of the ovary is provided with a

club-shaped placenta bearing each a number of ovules. The to-

pographic relations of a placenta in Houstonia and an ovule in the

Galicae are the same, and no differences have been observed in

their origin.

The ovules in Houstonia are relatively very small and of a very

simple type in that an integument is ivholly absent. There is ac-

cordingly no micropyle and the archesporium becomes deeply

buried in the nucellar tissue by the growth of the capping cells and

of the tissue at the sides of the archesporium toward the apex of

primordium. The archesporium further consists of but one func-

tional embryo-sac-mother-cell.

Two questions arise concerning the above comparison ;
first,

whether we may regard the ovule of the Galicae and the placenta

with its ovules in Houstonia as morphological equivalents, and

secondly, whether we have here a case of correlation.

To the first we can give no positive answer at present since a

more careful study of the origin of the primordia is needed. 1/

such should prove to be the case we should have a sort of branch-

mg or compound sporangium, a most interesting condition if true.

To the second question a more decided answer in the affirma-

tive may be given in view of the fact that tvhcre the placenta is

formed the ovules arc arrested both as regards the integument and
archesporium and in total relative size. That the archesporium is

really suppressed appears from the fact that commonly about seven

embryo-sac-mother-cells are laid down, all but one of which fail to

reach the normal size.

It must be added that the belief that a simple naked ovule,

that IS, one without any integument, is correlated with the para-
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sitic habit of growth, must now be thrown aside. This conclusion

was suggested infercntially by Goebel* in connection with his ob-

servation on the ovules oiCrinnin Asiatiaivi of which he remarked :

'* Sie zeichnen sich durch eine, sonst nur bei Schniarotzerpflanzen

bekannte Eigenthiimlichkeit aus, sie sind nackt, es fehlen die

sonst in Ein- oder Zweizahl vorhandenen Integumente."

4. The archesporium throughout contains a number (7-15) of

megaspore mother-cells, the largest number occurring in the spe-

cies of the Giilicae, Each megaspore —barring the arrested ones

at the side of the archesporium —divides twice to form four mega-
spores, which, except very infrequently, are not separated by
walls. This condition is comparable to that described as occur-

ring w^ith some frequency in Eichhornia\ 'd.rxA Avena^X All the

megaspores are both morphologically and physiologically equiva-

lent. It is, in consequence, impossible to pick out with the eye

the functional megaspore, which appears usually to be the outer.

As Koernicke § has recently emphasized, the embryo-sac cell in

the great majority of Phanerogams is derived from the last mega-

spore, /. r., the one at the chalazal pole, because usually the divi-

sions which give rise to the megaspores are such as to give the

largest proportion of plasma to that cell, a phenomenon w'hich he

holds to be connected with its more favorable position with refer-

ence to the source of nutriment. This view finds support in the

facts here summarized in so far that the larger number of mega-

spores and undivided megaspore mother-cells form a nutritive tis-

sue surrounding moi'e or less completely the embryo-sac cell

which arises near the longitudinal axis of the mass* That the

functional megaspore, /. r., the embryo-sac cell is found near the

middle, and hot in the sides of the archesporium is due, I hold, to

the mechanical relation between the cells brougfit about by the

growth of the ovule which is such as to produce no unequal pres-

sure on the archesporium.

* Biologische Schilderungen, I : p. 129.

f Smith, W. R. A Contribution to the Life History of the Pontederiaceae. Bot.

Gaz. 15 : 324. 1898.

X Cannon, W. A. A morphological Study of the Flower and E:mbryo of the Wild

Oat, Aiena/utua L. Proc. Cal. Acad. Botany, III. i : 329. 1900.

IStudien an Enibryosack-Mutterzdlen, Sitzungsber. der Niederrhein. Gesellsch.

Natur- und Ileilkunde zu Bonn. 1901.
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That, in forms in which a pluricellular megasporangium is pres-

ent, any or all of the megaspores have the ability to develop into

embryo-sacs proves in a most convincing manner the morpholog-

ical equality of the megaspores, and the regular division of each

of the megaspore mother-cells into four megaspores must be

regarded as a true tetrad division.

At this point it is of interest to compare this result with those

reached by Murbeck * who has studied Alchcuiilla, a representa-

tive of the Rosaceae. The presence of a multicellular archesporium

in this family was first made known by Strasburger. f According

to Murbeck twelve to sixteen mother cells are present, of which

the peripheral and usually one of the centrally placed, fail to

divide, and moreover never give rise to embryo-sacs. The re-

mainder, six to nine in number, divide at least once and of the

daughter-cells some divide a second time, and the granddaughter-

cells thus formed are regarded, properly, as megaspores. It may
be noted in passing that here there is no reduced number of chro-

mosomes, reproduction being parthenogenetic. Of the megaspores
thus produced, two or more may develop into young embryo-sacs,
and what is of immediate and special interest in this connection,
in the same sporogenous cell-roiu, two or more may commence their

develop mcfit into embryo- sacs. It thus appears that Alchemilla and
Crucianclla are precisely comparable in this regard,~"while the evi-

dence derived from the latter is still more final because of the
actual division of all the megaspores derived from a simple mother-
cell. Further cytological evidence that these are to be regarded
as true tetrad divisions is presented on another page.

It is scarcely necessary to add that these facts accord an extra-
ordinary strength to the view that the ovule is a sporangium.

Sp^ archesporium con-
tains only one megaspore mo'ther-cell of special size, from which
the embryo-sac cell is derived. Several suppressed megaspores
are present, surrounding the large megaspore mother-cell, which
divides to form four megaspores, the basal of which forms the
embryo-sac cell.

» Parthenogenetische Embryobildungmer Gattung Alchemilla. Acta. Reg. Soc.
raysiogr. Lund, ii

: No. 7. ,901. For a more extended examination of the relevant
literature see this valuable paper.

t Die Angiospermen und Gymnospermen.
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The appearance of a pluricellular arch esp on urn may by no
means be considered as primitive. It has been shown by several

workers to occur in widely separated families,* and with certainty

may be said to have no phylogenetic significance. On the con-

trary, the meaning is purely physiological, and such conditions

have arisen in various forms in response to similar conditions.

When present they offer favorable nutritive conditions for the

chosen embryo -sac. This view comports at least with the case of

Murbeck (/. cX The archesporial

tissue not directly concerned in the formation of the embryo-sac

takes activity or passively a nutritive role. If their role is passive

they gradually disintegrate, and are absorbed. This appears to

be the case in the Galieat\ Diodia teres and Richardsoiiia. In the

Diodia Virginica they grow chiefly in length and arrange them-

selves as a transporting tissue. As such they connect the embryo-

sac with the vascular supply of the ovule, and persist for a

considerable period after fertilization. In Houstoiiia the subsid-

lary megaspore mother-cells appear .to persist till about the time

the embryo commences to develop, and undergo regular and con-

stant changes in size and form. These changes indicate their

physiological importance,

5. The embryo-sac cell behaves in two ways. In Houstonia

and RicJiardsonia it develops in situ. In the Galieae and in Diodia

it moves forward out of its original position, breaking through the

nucellar capping cells, and passing along the micropylar canal. Its

passage is intercellular, and its action is so far analogous to the

movement of the pollen tube, as described by Murbeck and myself.

As it moves it derives nutriment from the disintegrating cells

adjacent to it. The disintegration is such as to suggest very
u

strongly the secretion of an enzyme by the embyro-sac.

The embryo-sac presents some remarkable features as regards

the antipodal cells. These, in the Galieae, with the possible ex-

ception of one species oi Aspenda, arc three in number, one of

which is very much elongated. The free end of this cell is plunged

into the mass of disintegrating megaspores and absorbs the same.

The physiological importance of all the antipodals is indicated by

*For full citation of the literature see the papers of Murbeck and Koernicke
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their structure, persistence, food content, and the behavior of the

surrounding tissues.

The genus QruciancUa offers an exception to the general con-

dition in the Galicae. Although antipodals are developed no evi-

dence has been obtained that they take on any special cytological

characters. Indeed their tenure of hfe is so short that the three

antipodal cells have not been seen at the same time. Their func-

tion is probably, therefore, at best but passive, and is carried out by

the mere giving up of their substance in death to the embryo-sac.

In Diodia teres, also, the number of antipodal cells is three, but

present a difference in that the long one is relatively much shorter,

a feature which is undoubtedly correlated with the smaller amount
of archesporial tissue. They may, however, not be considered as

physiologically inactive since they secrete a large amount of starch,

and persist for a long time.

In Diodia Virginiana the number of antipodals is greater, the

number varying, so far as observed, between four and ten. These
are arranged in a long series, physiologically equivalent to the

single long antipodal in the Galieae. The subsidiary megaspore
mother-cells, as above pointed out, persist and form a continua-

tion of the series. The antipodal cells retain their normal char-

acter for a considerable period covering the earlier period of endo-
sperm development.

In Richardsonia and Houstonia the antipodal cells are equal in

all regards, and appear to have fess permanent value. They
acquire the cytological characters of glandular cells such as are
found in certain nectarial tissues and stigmas, and are probably
active in some kind of secretion. Their relative small importance
as judged by their size is connected with the behavior of the
embryo-sac cell and the much suppressed archesporium.

That, in the words of Westermaier (/. c, Part i ), we have to do,
in the antipodals, with "an anatomical-physiological apparatus,
and not with a useless rudimentary structure which may be under-
stood only from the viewpoint of comparative morphology," * is

^^»t from the facts as here summarized ;

* It IS of great interest in this connection to recall the remailT^f Ilofmeister made
over fifty years ago

: "Die am Chalaza-Ende entstandenen, durch ihre betrSchtliche
Grusse oft sehr ausgezeichneten Zeilen scheinen keine andere Bestimmung zu baben,
as die der \ erarbe.tung des Nahrungsstoffes fur den werdenden Embryo." Die Ent-
stehung des Embryo der Phanerogamen, p. 59. 1849



Summary and Conclusions 65

(a) The fonn and cytological structure of these cells, and the

changes of their food content.

(d) Their tendency hi some plants to multiply and form a

special tissue, of the nature of conductive or nutritivx^ tissue.

(c) The behavior of the surrounding tissues notably the arche-

sporial cells, whicli are absorbed.

We which evi-

dence is lacking that the autipodals play any but a very brief,

passive role.

7. The embryo in the Galieae develops rapidly, especially in

its early stage, and possesses a remarkable feature in the presence

of a highly developed embryonic organ, the suspensor, the

cells of which elongate laterally, and penetrate the surrounding

endosperm in an intercellular manner without causing any disinte-

gration of the endosperm. These outgrowths are termed haustoria.

Analogous organs are known in a number of forms, and probably

occur in many more in one form or another. The function of the

suspensor in these forms is therefore not alone to bring the embryo

into favorable position with relation to the food supply in a me-

chanical sense, but to act as a temporary embryonic root. This

function is secondary, the former being regarded as primary, as for

example in the case of Selagindla * in which it appears to have no

further significance.

A strikingly analogous condition appears in certain species of

Tj'opacohim, according to Dickson, f in w^hich the embryo pro-

duces " branches from the base of the suspensor " which "serve

as organs of nutrition for the developing embryo

—

-foetal roots, in

fact." These organs penetrate into the pericarp.

Similar organs have been described byTreub;|; in the Orchida-

ceae and by Hofmeister,§ followed by Guignard !! in the Legu-

minosae.

* rfefTer, W. Die Entwickelung des Keimes dcr Gattiing Selagtnella, Hansteins

bot. Abhandl. i : No. 4.

tO" the embryogeuy of Tropaeohim perep'imim (L. ) and 1\ spedosum (Endl.

and Paepp. ). Trans. Roy. Soc. 17 : Part 2.

t Notes sur Pembryogenie de quelqucs Orchidees. Naturk. Verb. K. Akad. 19:

1879.

I Die Entstehung des Embryo der Pbanerogamen, 1849.

II Ann. sci. nat. VI. 12; 5. iSSl.
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It is, further, not improbable that the pecuHar features of the

suspensor in some Cruciferae, Alisma and many other plants are

connected with similar physiological conditions.

The embryo in the Spennacoceae and in Housto)iia develops

very slowly, especially in its early stages. Wehave to note here

the complete absence of the adaptive characters in the suspensor

st^n in the Galicac ; the suspensor is of a v^ery simple structure,

and upon anatomical evidence alone we might attribute to it only

the mechanical functions above indicated. In view of the distri-

bution of food stuffs as already described, however, we must

recognize the suspensor in these forms as a less special haustorial

organ than in the Galieae, but still an organ of that nature.

It may further be noticed that the production of haustoria

from the suspensor of the embryo, and, so far as known, from no

other part, is probably an expression of polarity in the embryo.

8. The endosperm is of two kinds, according to its method of

development, corresponding to two of Hegelmaier's * types.

In the Galieae, the endosperm during its whole course of de-

velopment fills completely the endosperm cavity (Hegelmaier's first

type). The peripheral cells on the basis of their cytological char-

acter and the behavior of the adjacent tissues may be regarded as

concerned in the secretion of an enzyme, and in the absorption of

the food derived by digestion of the reserve food substances in the

mtegumcnt.

In the Sp first

parietal, later coming to fill completely the enclosed cavity (Hegel-
maier's second type). In addition to the peripheral cells, which
appear much as in the Galieae, the centrally placed cells in Diodia
and Richardsonia take on a more special character with a prob-
lematical significance.

THE TETRAD AND EMBRYO-SACMITOSES
(PlATKS 9 AND n)

The following account of the mitoses of the archesporium and
of the embryo-sac is based upon a study of Aspcnda montaita,
Cruciam lla viacromchya and C gilanica. Of "the two genera,

* Untersuchungen uber die Murphob^iTd^ljicotyledonen— Endospeiins.'^ma
Acta Akad. Naturforscher., 49 : No. I. 1SS5.
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CniciancUa offered by far the more favorable material both on ac-

count of the size of the cells and of the absence of unequal pressure

due to peculiarities in the development such as occur \r\Asperula.

The former has therefore received more exhaustive study, although

Asp

Wh
be distinguished only by their greater size. During the early de-

velopment of the integument, however, or even earlier, their cyto-

plasm becomes denser. At about the same time a large number
of fibers appear in the cytoplasm traversing the cells longitudinally

but in somewhat irregular fashion. -The fibers are more or less

curved and taper off at their ends.

Inasmuch as the embryo-sac-mother-cells attain a strikingly

great length before the first division takes place (/»/. i6. Jig. i6)

and have their cytoplasm crowded with these fibers, they present

a very unique appearance. In some cases the fibers traverse the

cells from end to end, bending aside to avoid the nucleus. The
condition here described apparently corresponds to that found by

Mottier * and Dixon f in Liliiun^ and by Duggar \ in Sy))iplocarpus^

during the earlier development of the embryo-sac mother-cell, ex-

cepting in certain matters of detail and interpretation.

From the figures of Mottier and Duggar one would judge

that the fibrillar structures result from a rearrangement of the

cytoplasmic reticulum. That the large thick fibers found by me
in the developijig embryo-sac-niother-cell are formed in the same

way seems to me not to be the case, for, in addition to their great

thickness, I have not been able to see a pulling out or distortion of

the adjacent cytoplasm. Reference will be made to a possible in-

terpretation of these structures beyond.

Again, according to Mottier, the orientation of the fibers in

Lilmin is not constant in different cells of the same stage of growth.

They may run in various directions or they may sometimes form a

dense felt-like zone about the nucleus. Further, this cytoplasmic

differentiation disappears before the commencement of mitosis, and

*Uebei- das Verhalten dcr Kerne bei der Entwickehmg des Embryosackes und

die Vorgjlnge bie der Befruchtung. Jabrb. wiss. Bot. 31 : 138. 1897.

tOn the chromosomes of Lilium longifloriim, Proc. Irish Acad. III. xo : 716.

X Studies in tlie development of the pollen grain in Symplocarpiis foetidusy and

Pdtandra undidata, Bot. Gaz. 29: 8i. 1900.
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by inference, has nothing to do with the formation of the mitotic

figure. At the beginning of mitosis the cytoplasm shows again a

uniform reticular structure, and the spindle of the first division

takes its origin in radial or more or less irregularly placed fibers

which penetrate the nuclear cavity, and form a multipolar spindle

primordium.

With regard to the disappearance of the earlier formed thick

fibers I am not able to establish a parallel in the Rubiaceae, for, in

the embryo-sac-mother-cell in the plants studied they persist until

the earlier stages of mitosis, at least through diakincsis. That

they are in some w^ay connected wdth the kinoplasmic figure dur-

ing mitosis w^ould appear from the circumstance that their ends on

reaching the nucleus bend and run as figured in Mottier's //. ^,

fig. //, of the paper referred to. This condition, as seen in Cri(-

cianella macrostacliya is shown in pL 1 1, fig, jy. From this and

the adjoining figures it will be seen that the origin of the spindle

is multipolar, and, with the possible exception of the peculiar be-

havior above described, corresponds to the descriptions of Oster-

hout * and others. The definitive spindle of the first division is

strictly bipolar, and differs in the three plants in one or two details

of form only.

In Crucianella gilanica the spindle is of very regular, broad,-

oval form, with sharply -pointed ends ; in C.jnacroslachya it has a

looser, more slender form, with attenuated ends, while in Aspcnila

this character is still more accentuated. Such differences may in

the main be regarded as inconstant and of no general importance,

and may in many cases also be appearances referable to the plane

in which the material happens to be cut. Insufficient observation

of this point may very easily lead to false impressions, as Stras-

burger f has hinted, especially with reference to the character of

the spindle poles. •

Generally the ends of the spindle poles lie freely in the cyto-

plasm, inasmuch as the spindle axis usually lies parallel to the

longitudinal axis of the cell, which, as already shown, is very long.

Ueber Entstelmng der karyokinctischen S'pindel bci Eqmsehun. Jahrb. wiss.

Bot. 30 : 5. 1S97.

t Ueber Reductionsthcilung, Spindelbildung, Ccntru.somcu uud Cilienbildtier ini

Pflanzenreicb. Jena, 1900.



Tetrad and Embryo-sac Mitoses 69

Occasionally, however, the spindle is found to lie obliquely, and

one or both ends may become connected with the ectoplasm.*

In no case is a centrosome or centrosphere to be found. I

have been able to follow finely-pointed spindles to their extreme

end without finding any trace of the body which can without doubt

be regarded as such. In a recent paper by Aleves and von Korff

on the Myriopoda, t the '' centralkorper " are described as lying

very near to the periphery of the cell, and are apparently not di-

rectly in connection with the spindle. The latter, however, is not

pointed, while its fibers nevertheless are directed toward the kinetic

centers.
f

^^ r

Thus is formed a condition in which the centrosomes are con-

siderably removed but still in control of the spindle ends.

In spite of the obvious difference in the character of the spindle

itself, I was led to examine carefully every part of the cytoplasm

lying in or near the spindle axis, but with a negative result.

The multipolar origin of the spindle in certain plant cells has

been for some time regarded by the majority of botanists as speak-

ing against the existence of the centrosome in plants in which the

spindle has such an origin. Although a contrary view has been

held by Guignard X it would still appear that the former position

is more consonant with the facts as they are at present understood.

For we would expect in such cases either as many centrosomes

as spindle ends, or two whose influence would be exerted over the

whole kinoplasmic figure (archoplasm). The former is shown to

be the case in the development of the curious worm-shaped sper-
^

matozoon in Paludina^ an account of which has lately appeared. §

According to Meves the centrosphere of the primary spermatocyte

contains a number of central granules which act as a unit. In

the second mitosis the granules (Centralkorperkorner) separate

and take a position in the periphery of the cell, and from these as

centers are formed a number of half or partial spindles. The re-

sult is a picture which resembles in its later development to some

Ectoplasm is here used to signify the ** HaiUschicht " of the Germans.

t Meves, Fr , and von Korff, K. '' Zur Kenntnissder Zelltheilunir bei Myriopoda.

Archiv mik. Anat. und Kntwickelungsgeschichte, 57: 481-4S6. //. 21. 1901.

I Centrosomes in Plants. Hot. Gaz. 15 : 158. 1898.

jMeves, Fr. Ueber die sog. warmformigen Samenfaden von Paludina und uber

ihre Entwickelung. Mitth. Verein Schles.-IIolst. Aerzte. 10: No. i. 1901.
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degree the multipolar spindle primordium in plants, to which the

author unhesitatingly compares it, with the inference that the

plant cytologists have still overlooked the structures in question.

But the comparison is without warrant, for an examination of the

facts shows that we are dealing with two different modes of action.

The origin of the spindle is in the two cases quite different.

In Pixludina it is in the periphery of the cell, while in the higher

plants it is at the nucleus. The development of the spindle is in
*

the former therefore centripetal; in the latter centrifugal. We
fail therefore to see any warrant for the conclusion that there is

any parallel between the phenomena described by Meves, and

those seen in the formation of the plant spindle of multipolar origin.

The parallel fails also in the following regard. In Pahidina

the spindle fibers develop from the centers. In plants, even ad-

mitting the existence of centers, the fibers are developed to a very

considerable degree before the centrosomes, or centrosome-lOve

bodies, when such are recognized, appear.
r

For the present, therefore, we must adhere to the view that

the centrosome is absent from the higher plants.

Wedo not attempt to meet in detail the statements in certain

recent papers to the contrary. * It is quite impossible to do this

except by working with the same materials and methods, and this

has not been done by me. *

Nor, as Strasburger (/. t*.) has shown, is positive evidence

against the occurrence of the centrosome in higher plants want-

ing. Repeated studies on pollen development have been carried

out, showing that the ends of the spindle find an insertion in the

ectoplasm and the results of my own observations tend strongly to

confirm the view that the ectoplasm serves in many instances as a

place of connection in those cells in which the spindle is long

enough to bridge the distance from side to side. One instance

{Asperula) was seen in which a pluripolar diarch spindle had its

four apices (appearing in a single section) were all inserted in the

fig

* Bernard, Ch. Recherches sur les sphere attractions chez LUiufu candidtm,
Helosh-uyauaisis, etc. Jour, de Hot. T4: 118, 177, 206 IQCO.

Yamanuochi, S. Einige Heobachtungen ubcr die Centrosomen in den Pollcn-

mutterzellen von Lilium longifiorum. Bot. Centralbl. Beihcfte, 10 : ipi, 1901.
Schaffner, J. H. A Contribution to the Life History and cytology of Erythronium.

Bot. Gaz. 3! : 369. June, 1901.
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J

When, however, the true apex of the spindle does not insert

itself immediately in the ectoplasm, one may usually discover a fine

strand of kinoplasm extending from the apex of the spindle to the

ectoplasm (//. p^Jig. lo).

In further support of the view that the spindle often stands in

some intimate relation with the ectoplasm I may cite the instance

from which fig. 4 of PI. 9 was taken. The axis is here obh'que to

the optical plane, and one pole is seen to end distinctly at a point

from which extend fibers in a somewhat radial fashion. Careful

examination revealed the fact that the radially placed fibers lay in

the peripheral layer of the cytoplasm, that is in the ectoplasm, and
the latter therefore appears to bear a distinct mechanical relation

to the spindle.

In man}' cases in which the dimensions of the cell are much
greater relatively to the size of the spindle such attachments have

not been found. This lack is especially obvious in the large

embryo-sac-mother-cell of CiHciancIIa, in which, however, as in

the pollen spindles, extra-nuclear '* supporting fibers " may be ob-

served to run out from the spindle apices to the ectoplasm in the

direction of the equator (//. it, figs. 16, //). Similar conditions

prevail in the pollen mother-cell in CruciancUa macrostachya

[pL II, Jig. J5), where but a single row of sporogenous cells

occurs in each loculeof the anther. The cells are relatively large

and the mitotic figure in both the first and second divisions lies

freely in the cytoplasm. In this instance neither the insertion oi

the spindle poles, nor of the extra-nuclear supporting fibers in the

ectoplasm could be seen with certainty. Indeed the orientation

of the spindle fibers during the second division is often such as to

preclude the possibility of the insertion of one of the poles at least,

as will be seen in//, iiyfig-35, which shows that the axes of

the two spindles lay in the same plane at right angles to each

other; unless, indeed, we may expect to find the pole of one

spindle passing through the body of the other.

In the dev^eloping pollen in many plants a distinct zone of

very granular cytoplasm has been described by Juel,* Lawson, f

Die Kerntheilungen in den Pollenmutterzellen von Hemerocaiiis fuiva xxnd. d\e

bei denselben aufiretenden Unregeniassigkeiten. Jalirb. wiss. Bot. 30 • 204. 1897.

fSome observations on the Development of the Kar}-okinetIc Spindle in the

Pollen xaolh^x-cidlsoi Cobaea scandens, Proc. Cal. Acad. Botany, III. i : 169. 1899.
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Byxbce, * Williams, f and others, and it has been suggested by

Strasburger that, in those spindles of which the ends do not reach

the ectoplasm, or in the absence of other mechanical support, the

pericaryoplasm (of Lawson) may serve that purpose.

I have observed this zone in the plants under consideration,

but in instances the poles of the mitotic figure reach the ectoplasm

(/»/. ii.fig^ 2)^ In this event the zone thins out as it approaches

the spindle pole. In the pollen mother-cell of Crticianella uiacro-

stachya this zone has not been observed and the spindle appears to

lie quite freely and without any special mechanical relations.

The amount of variation in the observations of the topographic

relations of the spindle ends leads to the suspicion that we are yet

unable to form a satisfactory explanation of them. The most far

reaching interpretation among the botanists is that of the Stras-

burger school, and is based upon the mechanical conception that

the spindle is made up of contractile fibers (Zug-fasern) which, in

order to pull apart the chromosomes, must have a more or less

rigid mechanical support. This has been found in the ectoplasm,

in the pericaryoplasm, in the vacuoles,;}; or the spindle ends may
be buttressed by extra-nuclear supporting fibers.

That such mechanical relations as described by Strasburger

and others really exist we may not doubt. All the appearances

lead irresistibly to that conclusion. But I am by no means con-

vinced that we may infer from these appearances anything as to

the intimate workings of the mechanism, and the contractile fiber

explanation may have to undergo perhaps a considerable degree

of modification before it may be accepted as satisfactory.

Reference has already been made in another part of this paper

to the absence of cell walls between the megaspores. It will be

seen from pL ii, fig, 20, and />/. p. fig, 2j, that the connecting

fibers are formed, and the thickenings indicative of the cell plate

are present. In Criicianella the presence of these fibers determines

the appearance of the cytoplasm for some time {pL 10, fig^^ 9\
At the end of the third division in the same plant the nuclei are

*The Development of the karyokinetic Spindle in the Pollen Mother-cells of

Lavaiera, Proc. Cal. Acad. Botany, III. 2 : 63. 1900.
fThe Origin of the karyokinetic Spindle in Passifora coeruUaUnn. Proc. Cal.

Acad. Botany, III. 1 : 1S9. 1S99.

X Strasburger, 1. c.
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arranged sometimes in two rows, and the connecting fibers run
from one nucleus to the other in such a manner as to recall

Motticr*s* figure of the four nuclei in the upper end of the embryo-
Helleboms fc

A
(Z^-

The prophase of the first division in both pollen and embryo-
sac-mother-cells is characterized by the stage known as diakinesjs

(of Hacker), in which the chromosome pairs become condensed
into short, thick rods which lie parallel or become partially twisted

about or crossed upon each other. The members of each pair

may fuse at one or both ends, and as the result of more or less

separation in the middle, may take also the form of rings either

completely closed, or open at one point. Between these more
definite forms the chromosome pairs may assume all sorts of inter-

mediate conditions (//. ii.figs, /, 14, 32, jy^ j8).

In some instances th.e members of the chromosome pairs may
be separated from each other for a considerable distance, and the

linin strands which unite their ends, may under such conditions be

seen with the greatest clearness {pig, fig. 21, a\ In Galtonia

candicans^ according to Schniewind-Thies f the same behavior has

been noted.

The formation of the rings takes place much more completely

and earlier in j^spenila in which genus also the condensation of

the large loose rings into small thick ones may be followed with

ease (//. g^figs. i and -?). The appearances so presented recall

the figures of vom Rath % of the chromosome rings in Gryllotalpa

excepting, however, that no phenomena of tetrad formation (in

the sense of the zoologists) may be observed.

During the prophase of this division the number of chromo-

somes may in these forms quite easily be determined and with

a high degree of certainty has been found to be one-Jialf the usual

number in the sporophyte. The reduced number, which has been

determined by counts, not only in the prophases, but in the ana-

*Ueber das Verhalten der Kerne,. etc. Jabrb. wiss. But. 1897.

fDie Reduction, der Chromosome Zahl und die ibr folgenden Kerntbeilungen in

den Embryosacmutterzellen der Angiospermeu. Jena, 1901.

JZur Kenntniss der Spermatogenese von Gryllotalpa vulgaris. Arch. Mic. Anat.

1892.
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phase of the first and second pollen division and in the first, second,

third and fourth embryo-sac divisions, is in Crucianella iht hitherto

unobserved and surprising number ten, in Aspcrula, twelve.

These numbers, however, are believed, on the basis of a large

number of counts at different times, to be inconstant. In Criicia-

nella eight to eleven have been counted, and in Asperula a similar

amount of variation has been observed. Allovvine for error in

counting, which, in these plants is not great, both on account of

the smaHncss of the cells (with the consequent frequency \yith

which the whole nucleus appears in a single thick section) and of

the number of chromosomes, I believe it must be maintained that

variation in this regard occurs, and that this is a fact which has
heretofore received insufficient recognition.

The condensation of the chromosome pairs proceeds all through
the prophase until the equatorial plate has been completed, when
they take the form of a double Vs, one of which lies above and
one below the equatorial plane, with their angles directed toward
the axis of the spindle. This arrangement is difficult to recognize
in metaphase on account of the extreme condensation of the chro-
mosome, but in very early anaphase may be seen with sufficient

distinctness.

My observations and conclusions appear to coincide with those
of Duggar* for Peltandra. That author's interpretation of his
figures of the corresponding division in Sjmplocarpiis as indicating
a qualitative division, however, would in myjudgment seem not to
be justified. For the chromosomes are here, as represented in

//. I, figs. 7 and ya of Duggar's paper, of double V-form with the
angle directed toward the center of the spindle. These separate
first at the angle, and the degree of similarity in the two plants is

so great as to render them susceptible of but a single interpreta-
tion, which is opposed to the view that there is a qualitative divi-
sion, unless it can clearly be shown that the separation of the limbs
of the V is a separation, not at their ends, but across the middle
of the chromosomes.

Attention should further be directed to the above mentioned

!^'!!]:!?!f'i^^^;^l^^ later prophase the

* St^'iies in the development of the pollen grain in SympIocarpuiJo^^liJ^^Pdtandra undulata. Bot. Gaz. ig: 8 1. 1900.
> F F J
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ends of the chromosome pairs do not invariably fuse even when
they take the form of rings. With the approach of metaphase the

two members if separated become laid together. The fixation of

the fibers then takes place somewhere between and not at the ends

of the chromosomes, so that the possibiHty of the occurrence of a

transverse splitting of the chromosomes at this time, as sugs^ested

most recently by Schaffner "^ for Erythromuvi, seems to me to be

excluded.

If the ends of the chromosome pairs always fused completely

it would probably be impossible to tell whether the breaks during

anaphase occurred at the points of fusion or somewhere between

these. When, however, such a fusion does not take place the

simpler and more obvious interpretation does not involve the idea

of a reducing division.

The separation of the daughter chromosomes takes place wnth

extreme regularity but curiously enough w^th quite constant differ-

ences in the two genera. In Asperula the ends of the daughter.

Vs separate simultaneously and the chromosomes take w^'th little

variation the form of a conventi Dual heart. This is to be explained

by the shortness of those bodies and the point at which the fibers

are inserted (/>/. p, figs, j, 22).

In Criu'iancUa^ on the contrary, the ends of the V-formed seg-

ments scarcely ever separate at the same time. The ones which

remain united the longer are attached to each other with so great

a degree of firmness that it is only after the greater mass of each

daughter chromosome reaches about half the distance to the

spindle poles that they finally separate (//. n.figs. 2,j, 16, 77,

^^y 39)' The forms taken by the separating chromosomes under

these conditions have received special study, and all of them sug-

gest very definitely the behavior of plastic masses under tension.

Examination of the detailed representations on pL 11 (fig. j, a-

f ; fig. 18, a-g) \\\\\ reveal this point quite clearly. .Especially in-

structive are such forms as shown In fig. tS, a, as they bear on

the question of transverse division. Were the chromosome here

breaking transversely and not undergoing separation at united

ends, it is difficult to see why such a bulge at the poi nt of scpara-
-"^ —̂̂ - - - , ^, ,_ ,, ..h^ iiMiMi r^

I

* A Conlrilmtion to the I.ife History and Cytology of Eryihromum. Bot. Gaz.

31 : 369-3S7. I901.
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tion should occur. On the other hand, it is quite easy to under-

stand such an appearance on the supposition that a plane of ad-

hesion exists at that point.

Whether the unequal separation of the daughter chromosomes

is due to the failure of the mantle fibers to exert an equally dis-

tributed pull upon them, or to the fact that the fusion of the chro-

mosome ends is not equal cannot be determined. It is a further

point worthy of note that the two free ends of an incompletely

separated chromosome pair are always directed away from the

spindle axis, as if the mantle fibers were stretched along a resistant

surface. After the separation of the daughter chromosomes is

complete, a readjustment of tensions takes place so that the heart-

shaped form spoken of in connection with Asperula is approached

(//. 1 1, Jigs. 4, i6, 77, 18, g).

During late anaphase a second longitudinal splitting of the

chromosomes is seen with a fair degree of clearness (//.- ^, fgs-

^-p). On account of the shortness of the resulting chromo-

somes, however, it is not easy to determine the forms which they

take. For the most part they appear as pairs of straight rods,

although some evidence that they are slightly bent into a V is

seen. It is not at all improbable that a considerable amount of

readjustment in the relations of mantle fibers and chromosomes
takes place and this would explain the change in the shape of the

chromosomes.

The appearances here described have been constantly seen in

a large number of cells and there is very little doubt that the first

division in Aspcnda is heterotypic in the sense adopted by Stras-

burger (/. r., 99).

The corresponding longitudinal splitting of the chromosomes
in Crucianella does not take place so early as in Asperula, and may
be seen with clearness only in the telophase. PL iT.fig- 5^ i^^P^^"

sents such a stage. It appears not possible to resolve the chromo-
some pairs thus formed during the whole of the period extending

from this time till the metaphase of the second division ; for as

shown in //. //, Fig, 6, the pairing is indistinguishable, although
a completely resting condition, as described for Laiix by Juel,* in

*Jue1, H. 0. Beitrage ^ur Kenntniss der Tetradtheilung, Jahrb. wiss. Bot 35 •

626. 1900.
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Pellia, by Davis,* in Asclcpias,-\ by Strasburger, and in certain

Liliaceae by Schniewind-Thies \ has -not been observed to

occur.

From the facts above presented' it will be seen that in Crucia-

nclla, as in As^cnda^ the first splitting of the chromosomes islongi-

tudinal. In early anaphase the daughter rods which open out

from a double V-form into rings, separate finally at the ends of the

limbs of the V, the angles being directed toward the pole. Later

a second longitudinal splitting appears, the formation of grand-

daughter rods being completed before the close of the first mitosis.

This division is, therefore, heterotypic and corresponds in essential

details to the heterotypical mitosis in the spermatocytes of the

salamander as described by Flemming.

The final evidence for this conclusion in regard to the embryo-
sac- mother-cell has not been obtained without any doubt, but I

believe that we may conclude from the otherwise complete corre-

spondence in the two cases that the first embryo-sac-mother-cell

division is also heterotypic.

The resting stage occurring between the first and second di-

visions is characterized by its short duration, and by the varying

degree of diffusion of the chromatin. This variation is considerable

not only among related species, but is evident in comparing the

pollen and embryo-sac tetrad divisions in the same plant, as

Strasburger § has observed to be the case in LiliunL It is notable

that in the Rubiaceae also the daughter nuclei of the pollen mother-

cell enter the resting stage less completely than in the corre-

sponding nuclei in the ovule. If this prove to be generally true we

may attribute the behavior to the closer analogy between the tetrad

divisions in pollen and those of cryptogams, and the greater irregu-

larity in the tetrad divisions in the ovule to the changed condi-

tions which have been brought about in that organ.

Although the variation in the character of the resting stage is

* Davis, B. M. Nuclear Studies in Pellia. Ann. Bot. 15 : 147- J^9or.

t Einige Bemerkungen zu der Pollenbildung bei Asclefias. Ber. deutscb. bot

Gesellsch. 19 : 450. 1901.

X Scbniewind-Thies, T. Die Reduction der Chromosoraezahl und die ihr folgen

den Kerntbeilungen in den Embryosacmutterzellen der Angiospermen, Jena, 1901.

I Ueber Cyloplasmastructuren, Kern und Zelltheilung. Jahrb. wiss. Bot 10: 252,

1897-
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real and considerable, all the cases studied are alike in the absence

of a nucleolus, in the indistinctness of the nuclear membrane, which

appears as if surrounded by an ill-defined zone of fine kinoplasmic

fibers running in various directions, and in the loss, at least so far

as direct observation can take us, of the individuality of the grand-

daughter chromosomes, even when; as in Crucianella, the second

splitting takes place in early telophase.

The occurrence of a more or less complete resting stage at the

end of the first division is a phenomenon of wide occurrence among

the phanerogams. Authors are not agreed, however, as to the

degree into which the daughter nuclei enter at this stage. More

recently Schniewind-Thies has found a considerable amount of

variations in a number of forms studied comparatively by her. It

appears, therefore, that we may explain this disagreement on the

ground of the occurrence of a considerable degree of variation in

this regard.

It does not appear to be necessary to be concerned about the

loss of individuality by the chromosomes under the circumstances

at least so far as the question of reduction is involv^ed. A second

longitudinal splitting being demonstrated to occur before this takes

place, we are compelled to believe in the absence of positive evi-

dence to the contrary that the rehabilitation of the chromosomes
is complete. The Weissmannian interpretation once shut out, it

remains for us to explain the variable degree into which the grand-

daughter nuclei enter the resting condition apart from it. I cannot

agree with Davis, nor do I fijid for him any justification in the

literature of the subject, either on the zoological or botanical side

of the question, when he remarks " This conception * is intimately

concerned with, and necessarily a part of, the recent studies

of Guignard and Strasburger on the double longitudinal splitting

of the chromosomes.'' (/. c, p, 159.)

Indeed Strasburger himself has recently shown that in Ascle-

pias (/. c.) a complete resting stage, with a nucleolus, is formed
between the first and second pollen divisions, without making any
remark further than to call attention to the fact

That the chromosomes maintain their individuality in the daughter nuclei after

the first mitosis of the pollen mother-cell.
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The Second Division

During the prophase of the second division in the embryo-sac-
»

mother-cell delicate radiating fibers in great numbers are found

surrounding the nucleus and extending from the same in all direc-

tions (/>/. II, fig. 42), In certain cells where the walls come into

contact with the nucleus these fibers then appear in sections as if

there were two distinct systems arising from the opposite sides

of the nucleus. They thus simulate asters. In point of fact, how-
ever, they form a zone about the nucleus lying parallel to the com-

pressing cell walls (//. II, fig. ij).

Such radiations have been figured and described by many
authors, but accounts are, in spite of a multitude of detail, still in

such a condition as not to warrant us in believing that we as yet

understand fully the relation between the nucleus and these radia-

tions.

Their resemblance, however to certain appearances is parthe-

nogenetically developing eggs of Toxopneiistes after treatment with

magnesium chloride has led Wilson* to make the following sug-

gestion which I give in his own words.

**The formation of a perinuclear zone in the magnesium eggs

strongly suggests the accumulation of ' kinoplasm ' about the

nucleus in the early prophase of cell division in the higher plants,

as described by Osterhout and Mottier, and a number of later

observers, though the later phenomena are in many respects very

different.*'

According to Wilson's direct observations on the living Mg-

eggs, a primary radiation appears surrounding the nucleus and

extending far out to the periphery of the cell. 'This radiation \s

interpreted as a flow of hyaloplasm which, In part at least, gives

rise to the appearances making up the *' aster." The gradual dis-

appearance of these radiations is accompanied by the formation of

a clear perinuclear zone, followed by "enlargement of the nucleus

and the disappearance of the nuclear membrane accompanied by a

reduction of the rays almost to the vanishing point." (/. c)

The comparison is strengthened by the facts described earlier

* Experimental Studies in Cytology, I. A cytological Study of artificial Parthe-

nogenesis in Sea- Urchin Eggs. Archiv Entwickelungsmechanik der Organismen. 12 :

529. 1901.
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in this paper in connection with the development of the enibryo-

sac-mother-cell. The numbers of fibers then seen and their ap-

parent behavior with respect to the nucleus, as already indicated,

in many ways harmonize with Wilson's suggestion. If further

study should show this harmony to be complete, w^e would then

have strong grounds, in the absence of direct observation of the

living material, for the beHef that these fibers are currents of viscid

material (kinophism, hyaloplasm) the view first taken by Auerbach,

and later adopted by Fol, Strasburgerf and others in modified

form.

It would appear that a further and more particular study of the

behavior of the kinoplasm during the prophase in plants from the

suggestive point of view just indicated would have a distinct bear-

ing upon the vexing problem of the nature of the fibers.

In the prophase of the second division the granddaughter
chromosomes reappear in Crucianella 2i5 ^axts of rods lying parallel

to or partly twisted about each other and lying on the nuclear
walls (//. //, fig. 2i). In Aspenila the chromosomes are so

of spheres (//. p, fig. i6), though
in metaphase they frequently appear as pairs of short rods, one
lying above and one below the equatorial plate. The mantle
fibers are usually attached to the chromosomes at their ends, one
chromosome lying above and one below the equatorial plane

(X ^r, figs. 8, 22 and jj). Occasionally, however, they may
be attached at some point along their length. During anaphase,
therefore, the chromosomes have the form of short rods with their

longitudinal axes directed toward the spindle poles (//. Ii,ji^.

24), or less frequently of bent rods with the loop similarly di-

rected (//. IT, fig. 2j). There are some minor differences between
the form of the chromosomes in the second pollen- and embryo-
sac-mother-cell divisions. In the latter the rods are longer and
more slender (//. //, fig 24) in the former shorter and thicker

(//. II, fig p). On account of this fact and the further one that
in Crucianclla gilanica the spindles are very small in the pollen
cells, the character of the structures is rather difficult to deter-
mme. In Crucianella macrostachya, in the anther locules of which
but one row of pollen mother^^ the opportunities

t Zellbildung und Zelltheilung. 3 Aufl., 367I
'~~
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for observations, are better, and here the chromosomes are seen

distinctly as paired rods, with the fibers for the most part attached

to their end (//. //, Jigs, jj and j6).

The contrast offered between the appearances seen during the

first and second divisions are well seen in//, ii^ figs, i6 or ij,

and 2^, all of which have been taken from the same ovule. The
spindles shown in figs. i6 and 24., pL 11, may indeed be s^^n in

the same field in adjacent megaspore mother-cells.

According to the interpretation here given of the behavior of

the chromosomes the application of the facts to the Weissmannian

view of reduction is made impossible.

That, however, a real reduction in the quantity of chromatin

occurs as well as a reduction in the number of chromosomes has

been held by Guignard, according to whom the second division

which follows on the first without pause reduces the nuclein which

the grand-daughter nuclei receive by a half, compared with the

amount which the ordinary nuclei of the sporophyte have. Such

reduction, however, results in equivalent cells as regards their he-

. reditary qualities.

A reduction in this sense certainly occurs in the plants under

consideration, if we may argue from the relative sizes of tlie nuclei.

The figures w^hich present the facts, namely, //. //, figs. 6 and

/J, are drawn to the same scale and show that the nuclei at the

end of the second division are much smaller than those at the end

of the first. True, the cells themselves are also smaller and this

indicates that the cause of such quantitative reduction is to be

found in the rapidity with which the divisions follow each other,

thus preventing an intervening period of growth.

The Third Division

The resting stage at the close of the second division is com-

plete, a nucleolus is formed, and a considerable pause intervenes

before the third division takes place.

It has been already pointed out on another page that in the

genus CritciancUa the megaspores are unique in that they are all

functional in so far that they frequently undergo the first embryo-

sac division. All the divisions which take place in this way are

alike in character, that is they are typical mitoses. The further
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divisions of the supernumerary megaspores have not been ob-

served in any other genus, and in all probability do not take place.

It would appear from comparative study that the large size of the

megaspores and the absence of compression by the surrounding

tissues offer favorable conditions for the access of food materials

and the equally rapid development of all the daughter and grand-

daughter cells, thus giving them an equal start as embryo-sac

cells. The embryo-sac cell which finds itself in the most favorable

position as regards the micropylar canal then commences a more

rapid development, which takes place at the expense of the remain-

ing megaspores. In the prophases of the third and succeeding

divisions the chromosomes are about twice as lonp; as those in the

second division, the fibers are usually attached at about their

middle point, where they are bent at a slight angle ; the angle is

directed toward the center of the spindle (//. //, figs. 2j, jo).

This division conforms, therefore, to the ordinary vegetative or

typical division, differing only in the possession of the reduced

number of chromosomes, which have been determined to be in

Cruciajiella ten. It is not necessary for our present purpose to

describe the remaining divisions in detail, more tlian to say that

they fully correspond in character to the third.

The embryo-sac divisions in Aspenda were not studied.

Summary and Conclusions

I. During the growth of the embryo-sac-mother-cell before the

first division a large number of coarse fibers are present in the cyto-
plasm which persist through diakinesis of the first division. These
arc, in part at least, continuous with the circumnuclear complex of
fibers preceding the formation of the spindle, and do not result from
a rearrangement of the cytoplasmic reticulum. Further it is sug-
gested that they be interpreted as currents of kinoplasm (hyalo-
plasm) corresponding to the radiations described by Wilson as oc-
curring in the sea-urchin ege

2. The spindle in both pollen- and embryo-sac-mother-cell is

of multipolar origin. The nucleus is at first surrounded by a felt-

work of curved tangentially placed fibers which gradually segre-
gate into conical groups. By fusion of these groups a bipolar
spindle Is formed.
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^^^ r

3- Centrosomes or centrosome-Iike bodies are not present.

The poles of the spindle are finely tapering points with various

topographic relations described in the body of the text. The sug-

gestion made by Meves, prompted by his observations on Pahidina,

is not pertinent.

Under certain conditions, as for example in the pollen-mother-

cell, where the proportions of the cell are not too great relatively

to the size of the nucleus, the spindle ends find an insertion in the

ectoplasm. At the point of insertion a small thickening may fre-

quently be s^^n, and from this point run out radially placed,

branching fibers in the ectoplasm. It is suggested that these are

currents in the ectoplasm and may represent kinoplasm passing

from the spindle into the ectoplasm during anaphase.

4. At the end of the first and second embryo-sac- mother-cell

divisions, and at the end of the third division also when such oc-

curs, as is generally the case in Cruciancila^ a system of connecting

fibers arises without, however, the formation of cell walls. The

megaspores and their deriv^atives in Cruciantila remain in a syn-

cytial condition,

5. A reduced number of chromosomes appears in the prophase

of the first division of the pollen- and embryo-sac-mother-cells;

in CrucicDulla this number is ten; in Asperula twelve. These

numbers are maintained throughout the subsequent divisions.

The prophase of this division is characterized by the stage

known as diakinesis. The metaphase offers on the whole the

same characters as have been described by a number of authors for

various plants and differs from them only in points of detail refer-

able to the proportions of the chromosomes. The frequently dif-

ficult observation of the so-called ring form of the chromosome

pairs in metaphase is a case in point. When the chromosomes are

relatively more slender, as in the Liliaceae, the appearances are

relatively more distinct. In many other plants they are less so

on account of the extreme shortness and thickness of the chro-

mosomes.

The second splitting of the chromosomes is longitudinal, and

takes place in Asperula during the late anaphase of the first di-

vision. In Crucianella a similar splitting of the chromosomes

takes place in the telophase of the first division and is here also

longitudinal.
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The first division in these plants is therefore heterotypic, in the

sense of Flemming and Strasburger, and the second is homotypic,

and results merely in the separation of the granddaughter rods al-

ready formed. The individuality of these bodies is, however, lost,

so far as can be seen, in the resting nucleus preparatory to the

second mitosis by fusion of the rods and by more or less com-

plete diffusion of the chromatin.

It is concluded from this evidence that the divisions described
^

are true tetrad divisions, and the four resultant cells as spores. It

has on several occasions been urged that the position of these cells

in the nuccUus of angiosperms speaks against this interpretation,

but it is not surprising that such an arrangement should occur in

the ovule when we remember that the position of the spindle and

through the spindle often of the cell wall is determined by growth,

and that the growth of the sporogenous tissues is conditioned by

a very different sort of environment from that found in the sporan-

gium of the pteridophyta.

But the evidence is fast accumulating to show^ that it really

frequently happens that the divisions are not such as to produce a

single row of cells. This evidence has recently been collated by

Max Koernicke * to which may be added the cases recorded by

t

^
of the divisions themselves, I fail to see the cogency of the state-

ment made by Atkinson J that the embryo-sac of the angiosperms

"arises directly from the nucellar (sporangial) tissues or from the

archesporium, without the intervention of spores." That the

spores in many forms are losing or have already lost their physio-

logical identity as spores is indeed true, but it is certainly a most

remarkable fact that cannot be brushed aside that in the most ex-

treme cases Li'/ium for example, the process of giving rise to these,

cells is identical in all essential respects, to the process in all other

plants, both pteridophyta and spermatophyta, in which this point

has received careful study.

*Stu(Iien an Embryo sac Mutterzellen. (/. c.

)

t Ovule and Embryo of Potamogeton natans. Bot. Gaz. 13 : 339. I90I.

X On the Homologies and probable Origin of the Embryo-sac. Science, II. '3 =

530. 1 90 1.
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On similar grounds the failure of the niegaspores to form cell

walls might be urged against the interpretation of these cells as

such, but here again this character has dropped out without, it

seems to me, invalidating the view that the cells in question are

spores which are thereby removed one step further from their more

primitive condition in which a cell wall was eminently necessary.

To be sure we are not rid of the conclusion that, in those plants

in which the embryo-sac arises directly from the mother-cell the

embryo-sac is constructed, so to speak, of four spores ; or that,

when the mother-cell suffers one division giving rise to two

daughter-cells of w^hich one only is functional, the embryo-sac is

constructed of two spores. But after all, spores, in the sense here

meant, are equivalent vegetative cells of a somewhat special sort,

but with no necessarily separate existence, teleologically speaking,

except in those plants in which the spores are the functional equiv-

alent of the seeds in the higher plants.

The conclusion is therefore drawn that the cells under discus-

sion are distinguishable by their origin, that they are not cut out

of the cycle of development and that their morphological, persist-

ence is connected w^ith the function of the mitoses; while on the

other hand, the spore ''as such * * ^^ is wanting" * because the

particular features of specialization- which characterize spores have

been lost in connection with the loss of the more primitive spore

function.

The following question is very naturally raised at this point,

namely, at what point in the life cycle does the gametophyte com-

mence its existence.! There can of course be no categorical, or

at least no final answer given under our present understanding.

But we may state as fairly in accord with the facts, that the mor-

phological identity of the gametophyte has been reduced along with

the change in the function of the spores, and the two periods of

development have been merged into each other, to different degrees

in different plants. In the most extreme cases, as Liiium, the

gametophyte appears to commence histologically with the embryo-

Atkinson, /. c. The italics are his.

t Coulter and Chamberlain in their recently published volume ** Morphology of the

Spermatophytes " (New York, 1901 ), take a tentative position. In their accounts they

*'close the history of the sporophyte with the appearance of the spore mother-cell,"

since it seemed to them "to be the best defined line of demarkation " (pageiv).
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.sac-mother-ccll. Against the adoption of such an interpretation it

maybe urged that, where each of four spores form the primordium

potentially or actually of an embryo-sac, the gametophyte becomes

spilt up into four individuals. To be sure there are analogies to

come to our aid, such as the constant development of four embryos

from a single proembryo or the much more widely distributed

phenomena of vegetative reproduction.
t

But m spite of these analogies, it would seem more natural to

regard the gametophyte as a?i individual by coalescence^ having

its origin in four like vegetative cells whose primitive function has

been lost. These four cells become grafted on each other, so to

speak. The chief difficulty seems to be due to our formal concep-

tional idea of an individual, which in nature, outside of our con-

sciousness, docs not exist.
ft

In comparison with the cases at present before us we may re-

call the very important results obtained by Juel * and by Murbeck.f

Juel found that in Antcnnaria dioica a tetrad division takes

place, and his account of the process differs in no essential detail

from mine. WAntcnnaria alpiiia, however, in which partheno-

genesis is now kn'own to obtain, the tetrad division does not occur,

and the embryo-sac-mother-cell develops directly into the embryo-
sac without any reduction in the number of the chromosomes or

the usual chromos9mc-ring formation. Nor is this process to be

compared with that in some plants in which megaspores are not

delimited in the usual manner, but in which parthenogenesis does

not occur {Lilium). In such plants the first two divisions are the

same in character as the two divisions occurring when four mega-
spores are formed.

In Alchemilla, as shown by Murbeck, parthenogenesis also oc-

curs, and in such event the megaspore mother-cell divides some-
what irregularly, forming at most three cells, because of the failure

of one of the daughter-cells to divide. These divisions are not

different in character from ordinary divisions ; or, in other words,

the heterotypic and homotypic divisions fail, and the chromosome
number remains constant.

* Vergkichende Untersuchungen ubcr typische und parthenogenetische Fortpflan
zung bei der GaUung Antemuuia. K. Sv. Vet. Akad. Ilandl. 33 : No. 5. 1900-

1 Parthenogenetische Embrjobildung in der Gattung Alchemilla. Acta Reg. Soc
rhysiogr. Lund. 11 : No. 7. 1901.
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In the light of the discovery of the fact that true tetrad mitoses

do not occur in parthenogenetically reproduced plants * we are

more than ever forced to insist upon the conclusions stated pre-

viously, that, in such plants as certain Liliaceae, the condition

must not be interpreted as a suspension of spore formation, but as

a reduction in the ontogeny of the gametophyte correlated with a

loss of the spore function, without a loss of the morphological

character of the spores so far as their development, as indicated

by their mitoses, is concerned. The failure of true tetrad divi-

sions in Akhijnii'a and Antennaria is a notable exception which

proves the rule.

The peculiarities characteristic of the tetrad divisions are now

know^n to occur in so many plants that we may well pause to esti-

mate their morphological significance, apart from the relation they
r

hold to the maintenance of a constant number of chromosomes.

In general acceptation the term archesporium has signified a

cell or cell aggregate from which the spore mother-cells are de-

veloped, as first defined by Goebel.f

These cells cannot, however, be distinguished from vegetative

cells except by the fact that they are richer in food and plasmic

content —they have the character of embryonic cells. According

to their period of growth and the number of divisions they undergo

their derivatives, the spore mother-cells (taken collectively the

sporogenous tissue), are few or many. Now the cells of the spor-

ogenous tissue are different from all other cells in the life cycle

in that they always suffer tetrad division, and thereby exhibit very

constant morphological characters which raise them to special

morphological rank. This cell, or tissue, as the case may be, by

virtue of the special character attaching to it, demands special

recognition in terminology, and it would seem both natural and

justifiable to regard it as constituting the archesporium. The use

of the term in this way seems to me simple and unmistakable.

6. The third and following divisions arc typical, and the reduced

number of chromosomes is preserved.

.In Crticianclla all of the four megaspores in a given s eries may

*Juel (/. c.) interprets the phenomenon \xi Antcmtaria alpina as a special case

of apogamy.

t Rot. Zeit. 38 : 5 ^5, 561. 18S0 ; 39 : 681, 697, 713. 1881.
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and often do develop further, and undergo a simultaneous division

(the first embryo-sac division), froth which the actual physiological

and morphological equivalence is inferred.

THE BEHAVIOR OF THE POLLEN TUBE IN

DIODIA AND RICHARDSONIA
(Plate 15)

While engaged in the foregoing study of the embryology of

certain Rubiaceae, namely, Diodia teres^ Diodia Virginiana and

Richardsonia pilosa, some conditions of rather more than usual

interest attaching to the behavior of the pollen tube in these forms

were met with. In view of the attention which the subject has of

late received in some quarters —attention which has not by any

means been barren of important results —it seems w^ell at this

time to present the outcome of a closer study of the phenomena in

the above-mentioned plants, although the general subject in the

Rubiaceae promises as a reward of future investigation further re-

sults of interest.

The flower in both genera presents the same chief features in

common. The differences are chargeable to the different numer-

ical relations in them, Diodia having a bicarpellary diWd Richard

^

sonia a tricarpellary ovary. This fact having been mentioned,

we shall from this time on ignore it, since it has no bearing in

particular upon the following description and for the sake of sim-

plicity we shall take Diodia as the type.

r

MoRniOLOGICAL RELATIONS OF THE StYLE

The locules of the inferior ovar}^ arc separated by a partition

of two portions, distinct in origin and in anatomical structure.

The lower portion, or basal element, arises as a ridge from the

floor of the ovary, and inserted on its margin are the ovules, one
m each locule. This basal element reaches to somewhat less than

one-half the depth of the ovary. The remaining distance is oc-

cupied by a partition—the roof element— derived from the styles

which growing out laterally from the upper part of the hollowed-
out receptacles join at the middle point and grow upwards and down-
wards to form the style. This consists therefore of two {DJodia) or

three {Richardsonia) concrescent elements. The roof and floor
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elements of the ovarial partition, fuse at their point of meeting and

so complete the separation of the originally single ovarial chamber

into locules.

Histology
^

When the parts above described are young, the cells are, of

course, uniformly isodiametric. After all the primordia are laid

down, and the period of rapid growth prior to the assumption of

the definitive form sets in, the relative rapidity of growth of the

several organs is accompanied by changes in the proportions of the

component cells. At about the time of fertilization the histolog-

ical features are as follows.

The basal element of the ovarial partition consist of thin-walled

parenchyma whose elements are slightly elongated in the direc-

tion of the flow^er axis and contain the vascular tissue which sup-

plies the ovules. Where the stylar portion of the partition abuts

against the basal elements, the cells of the latter are flattened out

transversely, this being due partly to the pressure and partly to the

mode of growth. The epidermis of the basal element of the par-
r.

tition has, at this point, very much thickened walls. The thicken-

ing commences in the outer walls (Ji^-. i) and extends at the

period of fertilization to the lateral, but not to the basal walls

(/^- 5)- At the same time the regularity of the layer of cells is

lost in the process of fusion which takes place between the basal

and the stylar elements of the partition.

The stylar portion of the partition is composed at the time of

fertilization of three distinct tissues. The innermost of these, or

that lying in the axis of the compound style, and that with which

e are here concerned constitutes a conductive tissue and is com-

posed of elongated narrow cells with transverse or slightly oblique

end walls and no intercellular spaces. These cells may be further

distinguished from the surrounding tissues by their denser cyto-

plasmic content, and thicker, more deeply staining walls. Capus

(2) has noted that the cells of the conductive tissue in the plants

studied by him have thickened walls (collenchyma), but in 4/chc-

milla arvensis according to Murbeck (lo) no such thickening is

w1

2. a con-present in any part of the course of the conducting tissue

dition which is found in the free portion of the style of the-plants

under consideration. Here the cells are longer than in the st>'Iar
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^

partition, have thin walls with somewhat thinner cytoplasm, but no
intercellular spaces. The conductive tissue is readily recognized

in the style proper by the smaller transverse diameters of its cells.

The change from this thin-walled tissue to the thick-walled is

quite abrupt and takes place at the level of the roof of the

ovary.
F

At the lower extremity of the style, at the point namely where
it fuses with the basal partition, the conductive tissue suddenly ex-
pands from being; long and narrow, to short, irregular and isodia-

metric. There is also an evident increase in the thickness of the

cell-walls. The line of fusion which may be recognized easily in

the young condition as represented in y%-. 7 js now so irregular

as to be of itself unobservable. This irregularity and confusion of
cells appears to be due to the thickening and partial gelatiniza-
tion of the cell-walls or more especially of the middle lamella,
for one may notice in sections that irregular lines of separation oc-
cur between the cells, thus indicating their loose relations'

" Such
changes have been noted, also, by Capus (2) although according
to him such changes are much more pronounced in the style and
stigma So far as the writer's observation goes such pronounced
changes do not occur in the upper portion of the style, although
here the walls are a. little thickened, and that they are on the
more and more pronounced the deeper one penetrates the whole
style.

At this point of fusion, as described in the previous paragraph,
the ovules, two in Duu/m, three in Richarchonia, are inserted upon
the edge of the basal partition. The epidermis above described
as undergoing a thickening of its walls is continuous ^vith the
epidermis of the ovules, a description of which is necessary at this
point.

^

The ovule is, broadly speaking, anatropous, and possesses, in
addition to the single integument characteristic of the gamopetalae,
a second outgrowth, the origin of which has been elsewhere de-
scribed

p. 53) as a secondary enlargement of the funicle, a sort of
strophiole. A profile view of this organ, as seen in Diodia teres, is

shown in text fig. r, and as seen in Rie/^an/soma^in fig. 0. A
striking feature of this organ with which w^ are at present concerned
IS the profound modification of the epidermis to form a special con-
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.ductiv^e tissue for the pollen tubes. Wh
ifg

o)iia

with thin walls. As the ovule develops they change into deep

columnar cells with thick walls excepting at their inner ends {^fig.

S\ where the basal and lateral wdls for a little distance are thin.

The contents of these cells are more dense than those of the deeper

lying cells and the. cytoplasm is very finely granular. Their nuclei

are large with very finely divided chromatin. These cells appear

to correspond in general with the cells

described by Capus (2) as occurring ,at

the base of the funicle in Dracaoia ele-

gans and by Dalmer (3) in the placenta

of Mahonia aquifolium. From those in

Dracaena^ however, the cells in Diodia

teres and Richardsonia differ in having

thick walls, and from those in 1
' -mm

in the' fact that they do not secrete the

mucilage which, according to Dalmer,

serves as food for the pollen tube. They
are not glandular cells, but, strictly

speaking, cells of a conductive tissue as

is shown by the behavior of the pollen

tube towards it. With reference to the

strophiole it may be remarked that this

organ is present in other members of the

same family, but that, so far as known,

in no other is such a special tissue pres-

ent, excepting as we shall see beyond

in Diodia Virginicvia. On the upper side 1^'ig. 8. Part of ovule and stylar

^r fl r •
T ii n u 1.^4- tissue o( Diodia /^r.?.?, showing

ot the funicle these cells have somewhat , , ^ .^ „ \ .^

different dimensions from, but otherwise
the path of the pollen tube.

are exactly like those of the lower side where they have the longest

ongitudinal /. Here the strophiole

lies against the ovules so as completely to close the micropyle.

It will be seen that there is thus formed a collar of columnar epi-

dermis which is continuous around both sides of the funicle and,

as will be shown, completes the path of the conductive tissue

from the style to tiie micropyle.
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With

The Course of the Pollen Tube

In the free upper portion of the style the cells of the conduc-

tive tissue are, as above pointed out, long and very narrow.

Through this tissue the pollen tube takes a somewhat devious,

though on the whole direct course {fg. 2), and as the tube has a

. transverse diameter much greater than that of the neighboring
conductive tissue cells, one would expect that the mechanical
pressure alone would cause not a little disturbance in the conduc-
tive tissue. Such, however is not the case. The pollen tube does
not destroy the cells among which it passes either by chemical in-

fluences, such as digestion, or mechanically. It is true that the
cells are frequently disturbed in position, as is plentifully evidenced
by the form of the nuclei when the pollen tube happens to exert

ire on a cell in such a way as to affect its nucleus {fig. j).
)ut exception, however, the nuclei and cytoplasm stain per-

fectly normally and evenly. The walls of the pollen tubes are to

a considerable degrees thicker than those of conducting cells,

while the cytoplasm of the former is more coarsely granular than
that of the latter.

When the pollen tube reaches the stylar partition it meets with
conductive cells with thicker walls and of larger transverse dimen-
sions. The nuclei are here long-oval in form. . Here the path has
about the same character as in the free part of the style. Occa-
sionally one finds a sharp turn such as is shown in fig. j, which
represents a small part of the conductive tissue in longitudinal
section showing a pollen tube cut transversely. A study of this

preparation shows clearly that the effect of the pollen tube upon
the tissue in this part of its course through which it passes is

mechanical. Instances are frequently found in which the pollen
tube passes athwart the conductive tissue, either directly or more
or less obliquely. At first glance it is somewhat difficult to at-

tribute such behavior on the part of the pollen tube to mechan-
ical mfluences. When, however, we reflect upon the extreme
sensitiveness- of the protoplasm of the pollen tube to stimuli,
.t becomes less difficult. The impingement of the end of the pol-
len tube upon the end wall of a cell is. we believe, enough to turn
It out of Its direct path. Upon approaching the point of fusion of
the basal and roof elements of the ovary septum the pollen tube
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meets with cells of similar histological characters as those of the

cells through which it has immediately passed, save in dimensions

and in the mucilaginous condition of the inner lamella. Here
they are irregular and isociiametric as above stated, and are derived

in part from each element of the septum. Through this mass of

tissue the pollen tube takes a more irregular course, showing

some tendency to branch, and passes from the stylar tissue into

the upper part of the basal septum, into, therefore, the epidermis

above described as continuous with the columnar epidermis of the

Fig. 9. Ovule and part of the stylar tissue of Richardsonia pilosa, showing path

of the pollen tubes.

strophiole. Upon meeting with the ordinary thin-walled paren-

chyma [of this, the tube abruptly turns at right angles to its

former course {text fig, p). In no case does the tube penetrate

beyond the thick-walled fusion cells further than to basal septum.

The contents of the pollen tube may be seen well in the lower

region of the style. In properly stained preparations the genera-

tive nuclei have been repeatedly found. The vegetative nucleus,

however, has not been seen in this region. The cytoplasm is

densely and finely granular, entirely filling the tube, while in the

older parts of the same only a thin granular layer may be dis-

cerned on the wall, or none at all.
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In this part of its course the pollen tubes which are usually to

be found in numbers produce a destructive effect upon the cells,

upon which they impinge. The effect has the appearance of be-

ing due to mechanical pressure owing in part to the number of

tubes present, and in part to their larger diameter. The contents

of the conductive cells thus affected appear homogeneous and

deeply staining and the nuclei lose their normal appearance, while

the cells are crushed out of shape {fig. 4). The effect of the tube

is unequal, destroying cells, now here, now there, withcTut any dis-

solution of the walls, showing at once the difference between a

mechanical operation, and one Involving the histolysis of the cir-

cumjacent tissue as by digestion.

The behavior of the pollen tubes when they reach the sub-

epidermal parenchyma of the basal partition is quite uniform, and

is strongly suggestive of a purely mechanical influence. In the

case of Ricliardsonia there is formed at that point by virtue of the

confluence of the funicles of the three ovules, a basin so to speak,

filled with the isodiametric irrejiular conductive cells. Should we

plant a seedling in a basin of soil the roots would penetrate till the

walls of the basin had been reached, and they would then glide

along the walls. Such a ca,se appears to be quite analogous to

the one before us, excepting that geotropism plays no part in the

behavior of the pollen tube. In Diodia teres the penetration of

the epidermis of the basal partition does not take place as in

Riehardsonia ; but rather the tubes bend upward in the irregular

cells of the stylar conductive tissue, passing at first between the

walls of the style and strophiole, but soon penetrating the columnar

epidermis of the latter {text fig. 8).

Having now reached the thick-walled epidermis, the pollen

tube travels along till it enters the regular thick-walled columnar

cells which constitute the collar of connective tissue about the

funicle and the strophiole. It then passes out of the fusion tissue

and travels in a fairly direct path upwards, that is toward the

chalazal region of the ovule {text figs. 8 and g). It gradually

turns, however, so as to pass around one side or the other of the

funicle. and then finds itself in the epidermis of the lower side of

that organ. At this time the course is more or less irregular, and

the pollen tube sometimes branches {fig. 7). Occasionally in the
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region of the micropyle it passes beyond the surface of the epi-

thelium {^fig. 6), . It then ghdes along the surface a short distance

and then passes between the conductive epidermis and the integu-

ment {text Jig. /). Uhimately it finds the micropyle and travels

along it to the embryo-sac.

Two points of importance are to be noted at this point, the en-

tirely or almost entirely intercellular path of the pollen tube, and

the direction of its path which is not in the direction of least re-

sistance, but at right angles to the longtudinal axis of the cells of

the conducting tissue.

During this part of its course, that is, as it is passing through

the fusion tissue and the strophiolar conductive tissue, the pollen

tube as above pointed out not infrequently branches {Jig. 7).

Navvaschin has noted a similar tendency on the part of pollen

tubes in the Birch (il, p. 22), to branch "wo das betreffende

gewebe keine deutliche Anordnung seiner Zellen in longitudinalen

Reihen aufweist." When in the strophiolar conductive tissue, the

pollen tube shows more or less inability to pursue a path which is

constantly at right angles to the component cells. It may then

slip out to the surface. This happens most frequently in Richard-

sonia in the neighborhood of the micropyle where there is little or

no pressure exerted upon the strophiole by the adjacent structures.

In Dwdia teres where the strophiole in the micropylar region is

tightly wedged between the ovule and the wall of the ovary, the

pollen tubes take constantly a deeper course {text fig. S). These

phenomena lead to the suggestion that the cause which has brought

about the habit of intercellular growth in the pollen tube is a me-

chanical one, and this factor may probably be called upon to ac-

count for the behavior of the pollen tube in many forms. We

have in mind such cases as occur, for example, in the Cannabinaceae

of which Zinger (23) has given an account. According to this

author, the intercellular node of growth is of phylogenetic signifi-

cance, and, by means of such interpretation, brings his view into

line with that of Nawaschin, who has vigorously supported the

contention that the behavior of the pollen tube in the Amentiferae

is inherited from their ancestral forms, and has endeavored, on this

theory, to connect the lower Angiosperms with the Gymnosperms

A discussion of this question is not pertinent here, but it may be
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* 5|c :ic M

said in passing that recently Murbeck (lO) has, we believe, suc-

cessfully, contested the^viewof Nawaschin. I believe that a study

of the facts in a larger number of plants will lead to a more gen-

eral recognition of the principle laid down by Murbeck (lo) in the

words, " Der intercellulare Wachstumsmodus des Pollenschlauches

ist als eine physiologische Eigenthiimlichkeit zu bezeichnen,

s.nd o{ the mechanical conditions diS constituting not the least im-

portant factors In leading to such behavior. As a further illustra-
*

tion of peculiar mechanical conditions I would cite the instance

of Cynomorinm in which, as shown by Pirotta and Longo (l8), the

micropyle is completely closed and there appears in its place a cone

of conductive tissue through which the pollen tube must pene-

trate. Zinger (21) has shown somewhat similar relations in Can-

nabis.

When, as shown above, the pollen tube passes to the surface,

it travels a short distance along the conductive tissue, soon finding

its way between the strophiole and the integument. Under such

circumstances the wall of the pollen tube may well be seen {Jig. 6)-

The effect of the pollen tubes upon the cells of the collar of

conductive tissue appears to be purely mechanical, as in the case

of that in the style. Forcing its way between the cells, the pollen

tube causes in them but little or no distortion and, so far as I have

observed, no destruction {fgs. 5, 6). It would appear that,

although the cells of the conductive tissue form a true tissue, and

are not crowded papillae, their thickened walls are nevertheless

not bound together firmly but rather are loosely related by a soft,

mucilaginous middle lamella.

Having reached the micropyle, the pollen tube now passes

into the micropylar canal. The cells lining the latter are char-

acterized by somewhat thicker, more deeply staining walls than

those of the other integumental cells. The pollen tube eventually

reaches the synergids. In the plants under discussion these cells

have the " hyaline, striated tips," as described by Strasburger (21),

extremely well developed. The generally accepted view that the

synergids serve as a conductive apparatus is strengthened by the

analogy which I venture to believe exists between their curious

cellulose tips and the thickened and partially gelatinized cell walls

of the conductive tissue.
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' Diodia Virginiana

In this species the conductive tissue is of a somewhat different

character from that in the two plants already discussed. In the

style both above and below the roof of the ovar>^ the cells are

cylindrical, their transverse Avails being transverse, though oc-

casionally oblique in varying degrees. The nuclei are not so much

elongated, and correspondingly the length o^ the cells is not so

great. The cell walls are thin throughout the whole range of

stylar conductive tissue, excepting near the region of fusion of the

basal and stylar parts of the partition where a slight thickening of

the walls occurs. The conformation of the stylar conductive tis-

sues is the same as in the other species.

In the character of the conductive tissue of the ovule, how-

ever, lies the greatest difference, a difference which, as we shall

see, is connected with the behavior of the pollen tube. The tissue

lis disposed on the strophiole in a band around the insertion of the

funicle, and extending downwards towards the micropylar region.

The accompanying text figure lo shows in a schematic way

the arrangement. The component epithelial cells are approx-

imately cubical in form (/^. S), are fairly richly supplied with

cytoplasm, and have a large nucleus. The outer walls are thick-

ened, and exactly correspond in all respects to the homologous

tissue in the other species studied in the young condition, before

any further changes take place, /. e., before the cell elongates into

columnar form. At the time of pollination, a mucilaginous secre-

tion appears so that at this time there lies on the surface of the

conductive tissue a layer of mucilage of a thickness of nearly half

the depth of the cells. The mucilage may be traced between the

cells to some depth.

This conductive tissue corresponds in general to that which

has been described by Dalmer (3) as occurring on the placenta in

certain Liliaceae both In form and in the occurrence of the muci-

laginous secretion through which that author has show» that the

pollen tubes grow, and from which they derive nutrition which

enables them to grow onward toward the micropyle. Apparently

similar cells have

pompholvx.

(5)
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The course of the pollen tube through the style needs no re-

mark since what has been said above apphes throughout. One
point, however, needs mention, namely, that here the cellulose

plugs described by Treub (22) as occurring in the pollen tubes in

Casuarina, by Nawaschin (12, 16) in the Amentiferae and by
Murbeck (lo) in Alchemilla are here very easily and clearly seen-

from the
fig^ It will be seen

of and the form of the somewhat
shrunken pollen tube contents that these fit each other. One finds

(/.

(/.

Similar
plugs occur lower down in the fusion tissue, but they have not
been observed elsewhere.

When the pollen tube reaches

the epidermis of the basal partition

{text fig, id), it stops at that point,

and does not enter be'tween the

cells as occurs in Richardsonia.

They then bend upwarS and travel

between the two tissue masses until

they come to the collar of con-

ductive epidermis of the strophiole,

in the mucilaginous outer wall of

which they pursue their way. Af-

FiG. 10. Two vFews of the ovule *^^ tnoving Upward, /. €,, toward
of Diodia Virginiaua, showing the the clialaza, a little distance, they
conductive epidermis (dotted) and the
path of the pollen tube

; /, funicle.

{Schematic.

\

turn, following the band of se-

epidermis ascretin 2;O shown in

text fig, 10, and being com-
p^etely buried in the mucilage, as occurs in plants studied by
Dalmer

(3). The behavior of the pollen tube toward the walls of
the secretmg cells needs particular mention in view of the fact that
the wall of the former coalesces with the outer walls of the latterm such a«way as to be completely indistinguishable. In one pre-
paration the pollen tube was cut transversely at one point of its

course and showed this relation especially well. In fig. 9 this is

well shown, from which it will be seen that the outer part of the
tube wall ,s thin, thickening markedly on the sides nearer the epi-'

>
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dermis, and, as above said, coalescing with its outer wall. It is not

clear, however, whether the pollen tube wall as represented, and

as it appears to the eye in the preparation belongs, properly

speaking, entirely to the pollen tube. At any rate the soft char-

acter of the walls and their coalescence makes the determination of

this point difficult.

When the pollen tube reaches the

lower end of the strophiole, it travels, as

before, superficially around and into the
I

rift between this and the integument. This

rift is filled with the slimy secretion de-

rived entirely from the epidermis of the

strophiole, inasmuch as the epidermis of

the integument is not secretory. In this

way the raicropyle is at last reached and

entered.

If now we compare the three types de-

scribed as regards the development of the

strophiolar conductive tissue, and the be-

havior of the pollen tube, we may accord-

ingly arrange them into a series in the

following order and with the characters

indicated. Fig. il Diodia Virginia

I. Diodia Virginiana. —The conduct- '7?^^?. Ovule and portion of the

ive tissi7e consists of epidermal cubical
style, showing the path of the

cells with thickened outer walls covered
pollen tube.

with a mucilage secreted by them. The mechanical relations of the

ovary are such that the pollen tubes may easily lie between the

strophiole and the ovary wall. The pollen

ficially along the funiculus and strophiolar c

imbedded in the mucilaginous secretion.

^P

Diodia The conductive tissues consists of columnar

epithelial cells with thickened outer and lateral walls. The middle

lamella is mucilaeinous. There is no 'secretion on the outer sur-

face. The mechanical relations are such that the strophiolar con-

ductive tissue is compressed between the ovule and ovar>' wall.

The pollen tube enters the said conductive tissue immediately on

commencing its upward movement along the funicle and remains

within till it reaches the micropyle.
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3. Richardsonia pilosa.—T\vt conductive tissue as in Diodia

teres, but somewhat dififerent histological relations exist in theTusion

tissue of the ovary septum. The mechanical relations are such

that the strophiolar conductive tissue above the funicle is com-
'

pressed between the ovary wall and the ovule. Below, i, e.^ toward

the micropyle, the pressure is reduced. The pollen tube enters

the conductive tissue at the base of the stylar portion of the parti-

tion, travels by the intercellular method \x\ the same till it reaches

the micropylar region where it often though not always bends to-

wards the surface.

The above-named facts speak for the mechanical conditions in

the ovary as important factors in determining the course of the

pollen tube, whether intercellular or not.

In review the following results and conclusions at'e presented :

I. In Richardso7iia pilosa and Diodia teres the course of the

pollen-tube is chiefly intercellular, a" phenomenon clearly secon-

dary in view of the fact that in a closely related species, Diodia

Virginiana, the pollen tube pursues its path freely in the Tvary

cavity in that part of its course.

An important factor in determining such behavior of the pollen

tube is found in the mechanical relations (pressure) existing be-

tween the ovule and the ovary wall. This is added as evidence

supporting the contention of Murbeck to the effect that the inter-

cellular mode of growth of the pollen tube is a matter of physio-

logical meaning.

Inasmuch as such a difference in the behavior of the pollen-

tube as has been pointed out may occur between two closely re-

lated species of the same genus, I infer, contrary to the view of

Nawaschin, that the behavior of the pollen tube is of very limited

significance— indeed of no practical significance— from a phylo-

genetic viewpoint. The condition is analogous to that of the

archesporium in the angiosperms, which occurs, so far as at

present known, in eight genera of the Rosaceae and in a dozen

others widely scattered through the whole range of forms from
the Riubiaceae

(5, 6) to Casuarina^
This statement does n'ot preclude the possibility that Nawas-

* A summary of the facts and literature perta
by Murbeck and Koemicke already quoted.
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chin's contention, that the primitive behavior of the pollen-tube

was entirely intercellular, is true.

2. The conductive tissue of the style consists of: (i) very thin-

walled cylindrical cells in the upper part and (2) thicker walled

cells in the lower part. The latter pass from a cylindrical to an

irregular isodiametric form in the fusion tissue, in which the

middle lamella is evidently soft and yielding.

3. A conductive tissue is here described which is morpholog-

ically a part of the ovule, or, more exactly, a part of a peculiar

secondary outgrowth which I have designated the strophiole. It

takes two histological forms : (i) In Diodia Virginiana it is com-

posed of cubical, mucilage secreting cells, with thickened outer

walls, corresponding to analogous cells found in many plants on

the placenta. (2) In Diodia pilosa

homologous tissue is composed of columnar, thick-walled cells

(the thickening being absent from their bases only) with a soft

middle lamella. No outer mucilage layer is here found.

In these plants we find a conductive tissue composed of elon-

gate, regular cells, in which their longitudinal axes are placed at

right angles to the intercellular path of the pollen tube for the

direct passage of which this condition is mechanically less favor-

able than in the kind of conductive tissue in which the longitudinal

axes of the component cells are parallel to the path of the pollen

tube.*

4. The pollen tube does not in general act unfavorably upon

the cells with which it comes into contact. When however it

does it may be referred to mechanical causes. This conclusion

appears to accord with the observations of others.

5- The pollen tube shows a tendency to branch where the

cells are irregular and isodiametric, or where the long axis of the

conductive tissue cells are placed at right angles to the course

of the pollen tube. This behavior speaks against the view of

Miyoshi : " Im Griffel werden die Pollenschlauche wesentlich me-

chanisch zum Fruchtknotcn gelenkt" (8).

6. There remains an undetermined factor in the guidance of

the pollen tube. Wecannot tell how the same is able to find its

way to the %%<g in the definite way in which it does. The pollen

tube is negatively aerotropic, and is chcmotropic, as shown by
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Molisch (9). The3e facts explain its behavior toward the stigma,

but the later behavior in the conductive tissue remains unexplained.

According to Moh'sch again, chemotropism *' muss bei der Wan-
derung des pollenschlauches zur Eizelle, resp. bei der Auffindung
derselbcn in vi'elen Fallen elne wichtige Rolle zufallen." But it

is difficult to see how chemotropism can be an efficient factor

unless there be a differential distribution of the stimulant.

Miyoshi on the other hand, has maintained, in the word
above quoted, that the operation is a purely mechanical one.

Nawaschin (16), to whom we are indebted for a critical exposition

of these two views, has pointed out that both presuppose that " der

Pollenschlauch Reizbewegungen ungehindert ausfuhren konne,"
a condition which is found only where the pollen tubes have free

space in which to move. If we assume that such are the conditions
in Diodia Virginiana, in which the pollen tube moves freely in the

ovarial cavity, what may we say of Diodia teres and Richardsonia
pilosa move in the ovarial
cavity, but pursues an intercellular path, parallel to that which we
may believe, from the case of Diodia Virginiana, it would take were
the mechanical conditions favorable, and this in spite of the char-
acter of the conductive tissue which is mechanically unfavorable.

I believe that we may be justified in maintaining
I. With Nawaschin, that the occurrence of a°secreting con-

ductive tissue speaks as much for the nutrition of the pollen'tube
as for the necessity of mechanical guidance

; that, moreover, the
abihty of the pollen tube to secrete a cellulose-dissolving enzyme
indicates the former, as in point of fact the pollen tube does
not penetrate the cells of the conductive tissue ; and that the as-
sumption that in order to respond to a .stimulus, the pollen tube
must have unoccupied space in which to move is unnecessary and
probably untrue.

With

of

diffi
JNawaschm (16) suggests, " die Verbreitung der Reizstoffe Kann
zwischen den Papillen des Leitgewebes in Folge der capillarkrafte
ieicut zu btande kommen," extending his statement, however, to
cells as well as papillae.
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The experi mentis of Miyoshi (8) by which he showed that

pollen tubes will penetrate the cut end of a style and travel toward

the stigma, and that when a lateral cut is made into the conduc-

tive tissue the pollen tubes will grow out in v^arious directions, we

maintain not only do not support his view that the pollen tubes are

guided in a purely mechanical way, but also that they do not

contradict the suggestion of such a differential distribution of an

appropriate stimulant, inasmuch as a cut in the conductive tissue

would in all probability set up disturbances by which the ordinary

distribution of the stimulant might be reversed.

It may, of course, be that Miyoshi's contention is true for the

style, although I believe that the case is not proven ; but that the

pollen tube is guided in one way in one region of the conductive

tissue, and in another way in another, seems quite improbable.

3. The suggestion is submitted that the synergidae are the

source of the stimulant, and constitute the center of distribution

of the stimulant. To this idea I am led by the cytological char-

acter of those cells, and by their position as the only effective

center, exclusive of the egg itself. Wedo not forget the experi-

ment of Strasburger (21) on Torenia, the results of which were,

however, negative. Searching experimentation is still needed to

throw light on the perplexing problem which we have attempted

somewhat further to elucidate.
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